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Menges, Jennifer L , M. S., 1997 Geology
Investigation of Temporal Changes of Heavy Metal Concentrations in 
Sediments and Water of the Bl^ckfoqt River, lyfontana (163 pp.)
Chair: Johnnie N. Moore
Acid-mine drainage from abandoned, historic mining in the headwaters of the 
Blackfoot River, northwestern Montana, has produced elevated levels of metals 
in fine-grained bed sediment and surface water. Fine-grained bed sediment 
(less than 63 pm) and water samples (0.45 pm filtered) were collected in August 
1995, October 1995, January 1996, and February 1996 and analyzed for Al, As, 
Ca, Cd, Co, Cu, Fe, K, Mg, Mn, Na, Ni, P, Pb, Sr, Ti, Zn. The sediment metal 
concentrations from these sampling times were compared to each other to 
examine short-term trends and to sediment and water samples collected in 
August 1989, to establish long-term trends in metal concentrations and 
downstream trends. Although there have been some remediation efforts at the 
source of contamination, the water data show that there has been no significant 
decrease in metals concentrations in the main stem of the river; however some 
source tributaries show major decreases in metal concentrations. Comparison 
of 1989 sediment data to 1995 data illustrates large variability in most elements 
examined with changes commonly between +/-100%. Specific sites have 
increased in certain metals by as much as 1000%. Comparisons of the 1995- 
96 sediment data demonstrate that metal concentrations fluctuate seasonally 
but to a lesser extent than the long term variation. Remediation procedures that 
have decreased metals in tributary waters may have transferred metals to the 
particulate phase.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table of Contents
Abstract................................................................................................................... ü
List of Figures.........................................................................................................iv
List of Tables...........................................................................................................iv
Acknowledgements........................................................................... .................. v
Introduction............................................................................................................ i
Study Area.............................................................................................................6
Methods.................................... ............................................................................ 7
Water Methods  .......................................................................................7
Sediment Methods...................... .........................................................................11
Statistical Methods.............................  i6
Results......................   17
Water Chemistry.................................................................................................... 17
Sediment Chemistry...........................       i9
Statistical Results and Comparisons................   21
Discussion......................................................... »..................................................27
Conclusions.......................................................................................................... 3i
References............................. &.... ........................................................................ .33
Appendix 1. Laboratory Methods.......................................................................40
Appendix 2. Sediment Standards.................................................................... .43
Appendix 3. Water Standards    ....................... ........................... 45
Appendix 4. Duplicates............................... ...................................................... .47
Appendix 5. Blanks............................................................................................ .49
Appendix 6. Topographic maps....................................................................... si
Appendix 7. Site maps  .............................................................................. jis
Appendix 8. Site directions...............    lo i
Appendix 9. Water chemistry data for 1989.....................................................los
Appendix 10. Water chemistry data for 1995.................................................... ^ i
ill
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Appendix 11. Sediment chemistry data for 1989............................................. 114
Appendix 12. Sediment chemistry data for August 1995.................................120
Appendix 13. Sediment chemistry data for October 1995...............................125
Appendix 14. Sediment chemistry data for January 1996...............................136
Appendix 15. Sediment chemistry data for February 1996.............................142
Appendix 16. Raw ICAPES data for 1989.............  147
Appendix 17. Raw ICAPES data for August 1995............................................150
Appendix 18. Raw ICAPES data for Ocotber 1995..........................................153
Appendix 19. Raw ICAPES data for January 1996.......................................... 158
Appendix 20. Raw ICAPES data for February 1996........................................ 161
List of Figures
1. Blackfoot River location map  ..........   4
2. Solute concentration vs. distance graphs...  .................  is
3. Sediment concentration vs. distance graphs................................................. .20
4. Sediment within year variability..................................  24
List of Tabies
1. Water standards.......................................;.... ................     10
2. Water duplicates................................................................................................10
3. Sediment standards..............................................................   14
4. Sediment duplicates......................................................................................... 15
5. Wilcoxon’s water tests.....................................................   .21
6. Solute percent changes....................    22
7. Wilcoxon's sediment tests...................  26
8. Sediment percent changes.................................................  26
IV
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Acknowledgements
Funding for this project was made possible through the Renewable Resource 
Grant and Loan Program administered by the Department of Natural Resources 
and Conservation and granted by the 1995 Legislative Session. A state 
sponsor was required and Dennis Workman at the Montana Department of Fish, 
Wildlife, and Parks sponsored the project and administered the funds. A portion 
of the money came from the United States Geological Survey.
Completion of this study would not have been possible without the 
contributions from many people. My appreciation is extended to my family and 
friends for their loving support. I would like to grant my special gratitude to Gil 
Wiswall without whose guidance I would not have had the opportunity to pursue 
a graduate degree in Montana. The assistance of Jeff, Steve, Ryan, Mick, and 
Sally for sampling, Sarah and Clara for sample preparation, and Lynn for 
technical laboratory expertise is gratefully acknowledged. I would also like to 
acknowledge Glenna’s assistance during the initial stages of this project. I 
would like to thank my advisor, Johnnie Moore, for his helpful criticisms, 
constructive suggestions, and sample collection assistance. This paper has 
also benefited from comments by Ian Lange and Tom DeLuca. A special thanks 
is extended to Sonia whose encouragement is greatly appreciated. I am deeply 
indebted to Jeff, my husband and best friend, for helping with all phases of this 
project and emotional and financial support during achievement of my Master's 
degree.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1
INTRODUCTION
Concern is mounting over significant harmful environmental effects of current 
and past mining operations on water resources (Elder 1988; Axtmann and 
Louma 1991; Chaudhry and Lett 1992; Runnells et al. 1992; Smith et al. 1992; 
Ficklin et al. 1994; Plumlee and Severson 1994). About 200,000 abandoned 
metal mines are distributed throughout the western U. S. many of which are on 
federal land in western states (U. S. General Accounting Office 1988; 
Drabkowski 1993). Effluent from hardrock mines has degraded water quality 
and left depapurate populations of benthic insects such as midges, caddisflies, 
mayflies, and stoneflies and aquatic organisms, such as trout and salmon, in 
recipient streams (Parsons 1968; Wentz 1974; Tomkiewicz and Dunson 1977; 
Finlayson and Ashuckian 1979; Platts et al. 1979; Chapman et al. 1983; Filipek 
et al. 1987; Lynch et al. 1988; Louma et al. 1989; Macalady et al. 1990; Nimick 
and Moore 1991; Webb and Sasowsky 1994). Many mining operations have 
had a detrimental effect on streams caused by the input of solute metals from 
acid mine drainage and input of particulate metals from mining and milling 
wastes (Jones 1986; Errington and Ferguson 1987; Caruccio 1989; Merrington 
and Alloway 1993; Plumlee et al. 1994). Acid drainage from hardrock mines 
can produce elevated levels of metals (Al, Cd, Cu, Fe, Mn, Ni, Pb, and Zn), As, 
SO/', and (Ferguson and Erickson 1987; Herlihy et al. 1987; Nordstrom 
1991; Ficklin et al. 1992; Ficklin and Smith 1993; Spotts el al. 1993) as has 
been observed in the headwaters of the Blackfoot River.
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Recent work in the Blackfoot River has shown that historic small scale mining 
in the headwaters of the river has produced elevated levels of H ,̂ Al, Cd, Cu,
Fe, Mn, Pb, Zn, and SO /' from acid mine drainage as compared to downstream 
reaches and unmined tributaries (Spence 1975; Montana Department of Health 
and Environmental Sciences Water Quality Bureau 1990; Hydrometrics 1992; 
Montana Department of Health and Environmental Sciences Solid and 
Hazardous Waste Bureau 1991; Montana Department of State Lands 1991; 
Moore et al. 1991; McCulley, Frick, and Gilman 1994). Severely degraded 
water quality exists only in the uppermost reach of the river and decreases 
downstream (Spence 1975), however, particulate metals extend farther 
downstream than solute phase contamination (Moore et al. 1991). Solute and 
particulate metals have adversely affected benthic communities and trout 
populations in the Blackfoot River (Spence 1975; Peters and Spoon 1989; 
Montana Department of Health and Environmental Sciences Water Quality 
Bureau 1990; Moore et al. 1991). Mined headwater tributaries provide the 
source of contamination to the mainstem of the Biackfoot River while tributaries 
that were not mined or minimally mined have substantially lower concentrations 
of solute and particulate metal contaminants.
Since 1993, ASARCQ (current owner of the mines in the Upper Biackfoot 
Mining Complex) in cooperation with ARCQ (the previous owner of the 
properties) has been taking voluntary remedial actions at the complex in order 
to reduce the release of heavy metals and As from historic hardrock operations. 
There are four main sources of metals loading to the headwaters of the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Biackfoot River: (1) Carbonate Mine in Swamp Gulch; (2) Paymaster Mine in 
the Paymaster Creek drainage; (3) Anaconda Mine near the confluence of 
Anaconda and Beartrap Creeks; (4) and the Mike Horse Mine and tailings pond 
in the Mike Horse Creek drainage (Figure 1). The contamination is in the form 
of waste rock, tailings, and acid mine drainage from adits and groundwater 
seeps. The Mike Horse Mine is responsible for more than 90% of the metals 
loading to the Biackfoot River (McCulley, Frick, and Gilman 1994).
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Reclamation work at the Mike Horse includes remediation of the nearby 
Anaconda Mine. Both adits were packed with limestone and sealed with 
concrete. Waste rock was excavated from stream channels and placed in an 
on-site, limestone amended, and capped repository. The treatment also utilizes 
an oxidation pond, wetland treatment cells, and aeration and is slated for 
completion before the end of 1996 (McCulley, Frick, and Gilman 1994; Brian 
Hanson personal commumication). The Paymaster Mine is currently in the 
process of remediation which includes excavation of waste rocks from the 
stream channel and placement of wastes in a limestone amended and capped 
repository (Brian Hanson personal communication). The Carbonate Mine was 
completely remediated in 1994 and incorporated a plugged adit, removal of 
wastes (with quicklime added) to an on-site repository, and a wetland treatment 
cell (McCulley, Frick, and Gilman 1993; Hydrometrics 1995). To “stop” the 
uncontrolled release of acid mine drainage, adit discharge treatments were 
installed and solid wastes were removed from the streams and buried. The 
oxidation pond at the Mike Horse was designed as a pretreatment basin to 
precipitate Fe and other metals out of the solute phase while aeration of effluent 
should help extricate H^S and supplement Og. Surface and subsurface flow 
wetland treatment cells were constructed to help remove metals and neutralize 
acids (McCulley, Frick, and Gilman 1994).
The purpose of this work is to determine how remediation has affected the 
Biackfoot River by comparing fine-grained bed sediment (<63p.m) and water
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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samples (<0.45|im) collected in 1995 and In 1989 (Moore et al. 1991) before
remediation commenced. Local or site-specific and basin scale comparisons 
were made to determine which metals responded to remediation 
and if they have decreased as expected. Local comparisons of data from the 
Mike Horse mine showed that most metals in the sediment and water have 
decreased while at the Carbonate mine, contaminants were transferred from the 
solute phase to the particulate phase. Except for these local changes, 
remediation has not produced any significant basinwide effects on sediment or 
water quality.
STUDY AREA
The Biackfoot River originates in Lewis and Clark County, Montana, where it 
cuts steep, narrow valleys in the mountains (Figure 1). Downstream it flows 
through intermontane alluvial valleys and bedrock canyons. The Biackfoot 
River flows 215 km from the Continental Divide to its confluence with the Clark 
Fork River about 11 km east of Missoula and drains 6000 sq km. The Biackfoot 
River valley has been strongly influenced by glaciation which is responsible for 
conspicuous variation in slope of the riverbed which ranges from 0.5 to 60 
m/Km (Alden 1953). In the mountainous headwaters, relief is at its maximum 
and the contaminant source tributaries have a high gradient (Coffin and Wilke 
1971). The geology of the basin consists of sandstone, shale, and limestone of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the Belt Supergroup with isolated intrusive and extrusive igneous rocks found in 
parts of the drainage (Pardee and Schrader 1933).
Gold placer mining began in the headwaters of the Biackfoot River in 1865. 
Vein mining of Ag, Au, Pb, Zn, and, to a lesser extent, Cu, continued until 1953 
(Spence 1975). Few mines or claims had mills onsite but most had visible 
waste rock dumps (Pardee and Schrader 1933). The ore and wastes consist of 
abundant pyrite (FeSg), galena (PbS), sphalerite (ZnS), quartz (SiOg), 
tetrahedrite (CUigSb^Sig), bomite (CUgFeSJ, chalcopyrite (CuFeSg), 
arsenopyrite (FeAsS), and rhodochrosite (MnCOg), (Pardee and Schrader 
1933) which produce acid mine drainage with high levels of sulfate and metals 
(Spence 1975; Montana Department of Health and Environmental Sciences 
Water Quality Bureau 1990; Hydrometrics 1992; Montana Department of Health 
and Environmental Sciences Solid and Hazardous Waste Bureau 1991; 
Montana Department of State Lands 1991; Moore et al. 1991, Nordstrom 1991; 
McCulley, Frick, and Gilman 1994). The presence of waste rock piles 
containing some of the above or other sulfide minerals is typical of mine sites 
throughout the mountains of the western US.
METHODS
Wafer
Establishing background concentrations of elements is important for 
understanding the extent of contamination but methods are numerous (Runnells 
et al. 1992, Helgen and Moore 1996). The upper Biackfoot River basin contains
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8
several ore bodies which are naturally mineralized areas with elevated levels of 
some metals. Several of these ore bodies were mined producing high 
concentrations of As, Cd, Cu, Fe, Mn, Pb, and Zn in the the water and sediments 
of the tributaries and upper mainstem. Some tributaries were not mined or were 
not extensively mined (Pass Creek, Landers Fork, Nevada Creek, North Fork, 
Cleanwater River). These areas have geology similar to the mined tributaries 
(Mike Horse Creek, Shave Creek, Paymaster Creek, Swamp Gulch) and were 
used to calculate regional baseline concentrations of metals or average levels 
of metals which would be present even if mining never occurred in the basin. 
Water samples collected in 1995 were collected and analyzed using the same 
methods and analytical procedures as those described by Moore et al. (1991). 
The values obtained from the 1995 analyses were compared directly to the 
1989 data. Water samples collected during this study were taken 
contemporaneously with the sediment sampling on September 30, 1995 and 
October 1, 1995. The purpose of obtaining these samples was to make 
comparisons with data collected at the same sites in 1989 and to observe long 
term variation of solute metals in the Biackfoot River and its tributaries. (All data 
for 1989 water samples are listed in Appendix 9 and all data for 1995 are listed 
in Appendix 10.)
Samples of river water were taken at 34 sites in 1995. Two water samples 
were collected at each sampling site. All instruments used for water collection 
were acid-washed and deionized-water rinsed before being taken into the field. 
Water was removed from the river using a 60 ml plastic syringe and filtered
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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through a 47 mm diameter, 0.45 îm pore size, membrane filter. Approximately
50 ml of river water was used in each of three rinses in preparation for sample 
collection. After the third rinse, the filter was placed on the end of the syringe 
and about 5 ml of water was collected in the sample bottle. This water was 
used to rinse the bottle and then was discarded. Finally the roughly 50 ml water 
sample was collected and filtered. One sample was acidified with 4 to 5 drops 
of concentrated, trace-metal grade (Baker® Instra-Analyzed) nitric acid for cation
analysis. The second sample was collected for anion analysis and was filtered 
but not acidified. Samples were transported to the laboratory on ice and stored 
at 4® C until analyzed.
Cation samples were analyzed by inductively-coulpled argon plasma 
emission spectrometry (ICAPES). Anion water analyses were accomplished by 
ion chromatography (1C). Limits of detection were calculated as 3 times the 
standard deviation of 10 replicates of the blank. Quality control was maintained 
during analysis by the use of USGS water standards, duplicates, and blanks.
Two water standards, USGS T107 and USGS T117 were chosen for 
analysis. Percent difference was calculated by subtracting the reported 
average concentration from the average concentration, dividing by the reported 
average, and multiplying by 100. Percent difference was used to determine the 
degree of accuracy obtained during analysis of the water samples. The range 
of percent difference was 1% to 25% (Table 1). Duplicates were used to 
represent the precision of analyses. Percent relative standard deviation (%
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RSD) was calculated to determine precision for each element. The range of % 
RSD was below detection to 44% for all elements analyzed and from below 
detection to 23% for the contaminants (Table 2),
WATER STANDARDS
USGS T107 USGS T117
Given Obtained % Dill Ranoe CK Given Obtained % Diff Ranoe CK
Element LCD (n .  21) (n ,  9)
Al 0 07 0.220 (0.04S) 0.24 (0.015) 9.1 0.175 • 0.265 V 0.0790 (0.0194) 0.089 (0.012) 12 0.0596 - 0.0904 Y
AS 0.07 0.0108 (0.0021) 8DL 0.00690 (0.00140) BDL
a 0.1 11.7 (0.7) 13 10.26) 1? 11.0 - 12.4 n 20.90 (1.20) 24 (0.64) 1 3 19.7 - 22.1 n
Qi 0.01 0.0143 (0.0021) 0.018 (0.0020) 25 0.0122 '  0.0164 n 0.0022 (0.00040) BDL
a 0.03 0.0110 (0.0014) 801 0.00430 (0.000740) BDL
Qj 0.01 0.030 (0.002) 0.0297 (000761) •1 .0 0.028 • 0 032 Y 0.00600 (0.0018) BDL
Fe 0 03 0.052 (0.007) 0.064 (0.012) 2 3 0.045 - 0.059 n 0.4740 (0.018) 0.52 (0.020) 9-4 0.465 - 0.492 '  Y
Ma 0.1 2.1 (0.13) 2.3 (0.072) 7.2 1.97 - 2.23 ‘  V 10.05 (0.44) 11 (0.26) 8 .0 9.61 • 10.49 • y
Mn 0.005 0.045 (0.006) 0.0520 (0.00152) IS 0.039 • 0.051 n 0.2200 (0.0149) 0.242 (0.00592) 10.0 0.2051 - 0.2349 * V
Ne 0.1 20.7 (1.1) 23 (0.40) 1 1 19.6 • 21.8 n 20.00 (1.26) 22 (0.31) 9 5
NI 0 02 0.0261 (0.0030) 0.031 (0.0035) 10.5 0.0242 • 0.0320 y 0.01000 (0.0025) BDL
P 0.2 t o 0 2 (0.10) hD 0.3 (0.08)
Pb 0.1 0.026 (0.004) 8DL 0.0050 (0.0013) BDL
Sf 0.005 0.061 (0.004) 0.0640 (0.00153) 4.9 0.057 • 0.065 V 0.2650 (0.0111) 0.275 (0.00563) 3.61 0,2539 - 0.2761 Y
Ti 0.005 NO GDL NO 0.00413 (0.00183)
Zn 0.005 0.0756 (0.0099) 0.0907 (0.00448) 20 0.0659 - 0.0857 n 0.1760 . (0.0093) 0.204 (0.00700) 16 0.1667 ' 0.1053 n
K wwLca. . Q.84 (0.15) 8DL 2.110 (0190) BDL
1: S<t/IMDAKDS
ConcentrMions and standard deviations for USÇS water standards. COD sttinds for  
instrument limit of detection and was calculated as 3  times the standard deviation of 10 
replicates of the blank. Concentrations are reported in ppm os mean (standard deviation); 
n m number of times analysed, percent difference wets calculated by subtracting the 
reported average concentration from the average concentration, dividing by the reported 
average, and multiplying by 100. *Ote OK column states whether (n = no, y = yes) an 
obtained value fell within +1- one standard deviation from the mean as reported by the 
I4SÇS. *y mettns the obtained concentration did not fa ll within the reported range, but 
wets within 10% of the mean.
WATER DUPLICATES
T210.0 S04T T192.4 USGS T107 USGS T117 RANGEOF
%RSDn = 3 n = 3 n = 3 n = 25 n « 10
Element LOO Mean (SDI Mean (SO) Mean (SO) Mean (SO) Mean (SD)
AI 0.07 BDL BDL BDL 0.24 (0.014) 0.088 (0.012) 5.8 - 14
As 0,07 BDL BOL BDL BDL BDL BOL
ca 0,1 28.3 (0.416) 33.7 (2 38) 25.5 (1.10) 13 (0.27) 24 (0.61) 1,47 - 7.06
_C b. 0.01 BDL BOL BDL 0.018 (0.0020) BDL • 11
Q> 0.03 BOL BDL BDL BDL BDL__ .._ BDL
Cu 0 01 BDL BDL BDL 0.0296 (0.00692) BDL • 23 4
Fe 0.03 0.153 (0) 0,068 (0,0044) 0.183 (0.00586) 0.063 (0.011) 0.52 (0.019) 0 - 1 7
Mg 0.1 7,79 (0,101) 13.1 (0.5691 7,93 (0.145) 2.3 (0.066) 11 (0.28) 0.130 • 4,34
Mn 0.005 0.1725 10.002762) 0.0055 (0 00045) 0.0226 (0.00140) 0.0517 (0.00149) 0243 (0.00586) 1.601 - 8,2
Na 0.1 3.87 (0 0493) 2.31 (0,135) 6 33 (0.257) 23 (0.39) 22 (0,33) 1,27 - 5.84
Ni 0,02 BOL BDL BDL 0,032 (0.0036) BDL • 11
_ P 0,2 BOL BDL BOL 0 2 (0.05) 0,3 (0.08) 25 - 27
Pb 0 1 BOL BOL BOL BDL BDL
Sr -0-005 OJ)940 (0.00138) 0.0845 (0.00437) 0.5133 (0.01396) 00640 (0.001401 0,276 (0.00630) 1 47 • 5.17
Ti 0,005 BDL BDL BDL BDL 0.00413 (0.00183) * 44.3
Zn 0.005 0 0303 (0.000702) 0.0088 (0.0011) 0.0139 (0.000850) 0.0905 (0.00413) 0.205 (0.00736) 2.32 • 13
__ K _ _ 3 -----------BDL..... . ______ BBL_______ _______ iOL_______ ______ BBL_______ . _______
<tAQCE 2: WA<tEK DUPCOCA^ES
>f«an concentrations and standard deviations for w ater replicates. COD stands for 
instrument limit of detection which is caicuittted as 3 times the standard deviation of 10 
replicates of the blank. Concentrations cure reported in ppm as mean (standard deviation). 
*the second row of the table gives sample name of the duplicates; n =  number of times 
analyzed. A cumulative range of percent relative standard deviation is given in the last 
column. A  * followed by a number means that only one of the duplicate samples was above 
detection, ^therefore only the percent relative standard deviation for that sample is listed. 
tZefer to Appendix 4 for information from each individual analysis.
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Sediment Methods
Sediment samples from 1989 were collected by Moore {Moore et al. 1991) 
using the same field methods as for the 1995-96 samplings except that only one 
sample was collected at each site. In 1989, Moore prepared the sediment 
samples for analysis using a HF digestion process and preserved the surplus 
dried sediment in air tight vials in a dessicator. In 1995, I used the stored 
samples and prepared them for analysis using microwave aqua regia digestion 
(explained later in this section) so that direct comparisons could be 
made between the 1989 and 1995-96 data to observe long-term variation in 
particulate metals in the Biackfoot River and its tributaries. Data for 1989 and 
1995-96 sediment samples are in Appendices 11 through 15.
Three bed sediment samples were collected at each site in August 1995, 
October 1995, January 1996, and February 1996 (See Appendix 8 for exact 
locations of each sample at each site) and two temperature, one pH, and one 
dissolved oxygen value was measured instream at each site and for each of the 
four sampling events using portable meters. Sixteen sites were chosen to be 
sampled during four separate sampling events in 1995-96, to evaluate short­
term variation of particulate metals in the Biackfoot River and its tributaries. The 
October 1995 sampling was expanded beyond the original 16 sites to include 
some sites which were sampled in 1989. The purpose of the larger regional 
sampling was to make comparisons with 1989 sediment data to determine if 
there are long-temn changes in particulate metals concentrations in the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Blackfoot River system and to assess changes in metals concentrations since 
remediation began at the Carbonate, Anaconda, and Mike Horse Mines.
The goal during sediment collection was to collect the most recently 
deposited sediment from an active channel in the river. All collection devices 
were acid-washed and deionized-water rinsed prior to being taken into the field 
and were then rinsed in the stream water at the time of sampling. A plastic 
spoon was used to scoop the top 1 to 2 cm of fine-grained sediment. 
Approximately 8 scoops over a range of 50 to 80 m were composited and 
sieved trough a 63 pm nylon mesh screen in a plastic funnel casing using
ambient stream water. The sieving of sediments was necessary to limit grain 
size and control variability since a strong relationship can exist between grain 
size (and related factors) and concentration of metals: As grain size decreases, 
surface area per volume increases and metal fixations will occur more with 
increased surface area (e. g., Horowitz 1984).
Sieved samples were collected in a Nalgene® 250 ml wide mouth
polypropylene sample bottle. Three replicate samples (x, y, and z) were 
collected at each site. Between each sample and each site, the sieving 
apparatus and collection spoon were washed thoroughly in ambient stream 
water. Samples were stored on ice and transported to the lab where they were 
centrifuged at 2000 RPM for 15 minutes. Water was decanted and the 
sediments were oven-dried at 70° C. After drying, samples were crushed to a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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fine powder In the sample bottle with an acid-washed and deionized water- 
rinsed glass rod and transferred to a labeled polystyrene snap cap vial.
Sediment samples were prepared for analysis by an aqua regia microwave 
digestion process (Helgen and Moore 1996; Lucy 1996). About 0.5 g (weighed 
to thousandths of a gram) of dried, crushed sediment was placed in a Teflon 
digestion vessel and 5 ml of aqua regia was added to dissolve the sediment. 
After standing for 1 hour, the sediments were microwaved on high power for 6 
minutes. After cooling, the digests were diluted 100:1 (v/w) with deionized 
water before analysis (Complete digestion method is in Appendix 1). Analyses 
were accomplished by ICAPES. Limits of detection were calculated as 3 times 
the standard deviation of 10 replicates of the blank and corrected for dilution. 
Quality control was maintained during analysis by the use of duplicates, blanks, 
USGS water standards, USGS sediment standards, and Geological Survey of 
Canada (CANMET) sediment standards. Two sediment standards were chosen 
for analysis; USGS standard, SED2, was used to check the accuracy of 
contaminated headwater sediments and Geological Survey of Canada 
standard, STSD4, was used to check the accuracy of measurement of cleaner 
sediments like those found in the tributaries and lower main stem. Use of 
standards demonstrated that recovery of Al, Mg, and Na was low although the 
precision was good (Table 3). Also, As and Pb recovery was somewhat high, 
though near the detection limit of the ICAPES. The range of percent difference 
as calculated by subtracting the reported average concentration from the
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average concentration, dividing by the reported average, and multiplying by 
100 was 0.67% to 52% (Table 3).
1 1 SED2E STS04 I
lEiemend uoo Given Obtained % PiH Ranoe OK Given Obtained % Dill Ranoe flK
(n = 23) <n = 8)
Al 7 8800 (2300) 5500 (460) -3 8 6500-1 1100 n ND 7800 (210)
As 7 144 (33) 170 (9.5) 1 8 11 1 -1 77 V 11 (3) 17 (0.58) 52 8 -1 4 n
a 1 0 17000 (1700) 18000 (650) 5.9 15300-18700 Y ND 10000 (5801
03 1 8.3 (1.6) 8.9 (0.41) 7.6 6 .7 -9 .9 X 0.6 (0.3) BOL
Cb 3 9.0 (2.7) 9.34 (0.340) 3.7 6 ,3 -1 1 .7 X 11 (1) 9.87 (0.127) -1 0 1 0 -1 2 X
Qi 1 1100 (200) 1190 (40.0) 8-2 9 0 0 -1 300 X 66 (5) 62.8 (0.287) -4 .9 6 1 -7 1 X -
Fe 3 22800 (4800) 20000 (1300) -1 2 18000-27600 X 26000 (3000) 23000 (580) -1 2 23000-2900C JL
Mo 1 0 5200 (500) 4400 (2601 -1 5 4 7 0 0 -5 7 0 0 _n ND 5500 (170)
Mn Q 5 1500 (100) 1550 (38.3) 3.3 14 00 -160 0 X 1200 (ND) 1180 (5.77) -1 .7 1200 * V
Nta 1 0 220 (60) 120 (9.0) -4 5 16 0 -2 80 -D. ND 240 (15)
Ni 2 10.8 (2.0) 9.7 (0.92) -1 0 8 .8 -12 .8 X 23 (ND) 23 (0.71) - 1 23 X -
P 20 ND 800 (50) ND 900 (0)
Pb 10 149 (24) 150 (5.0) 0.67 12 5 -1 73 X 13 (ND) 18 (0.86) 35 1 3 n
Sr 0 5 50 (13) 48.4 (0.8671) -3 .3 3 7 -6 3 X ND 44.8 (1.08)
Ti 0.5 NO 379 (30.5) ND 368 (20)
Zn 0.6 1500 (100) 1600 (39.0) 6.7 14 00 -160 0 X 82 (ND) 76.0 (0.160) -7 .3 82 l y
K 300 2100 (400) 1780 (207) -1 5 17 00 -250 0 X NO 739 (17.1)
3: S€09Afe/VT SHAJ^DARDS 
Concentrations anti stttntlartl tleviations for USÇS anti CAMMS*t setliment stantlartls.
COD sttutds fo r instrument timit of tietection which is caicuiated as 3  times the standard 
deviation of 10 replictxtes of the biank and corrected fo r dilution. Concentrations are  
repotted in ppm as mean (sttmdard deviation): n *  number of times analyzed. Percent 
difference was calculated by subtracting the reported average concentration from the 
average concentration, dividing by the reported average, and multiplying by WO. *Che OK 
column states whether (n -  no, y -  yes) an obtained veilue fell within * !• one standard 
deviation from the mean tuf reported by the I4SÇS and CANM^*^- *y means that the 
obtained concentration did not fa ll within the reported range but was within W% of the 
mean.
Duplicate analyses of sediment samples provided information on precision; 
The range of % RSD was 0% to 31% with the majority of values being less than 
10% (Table 4). Laboratory variability as determined from duplicate analyses for 
all elements was less than field variability. Median absolute deviation is a 
statistical measure of field variability which was used to show the range of 
concentrations from triplicate samples for within year variability. Variation 
among triplicate sediment samples was sometimes high. Field variability was 
determined by calculating percent difference between triplicate samples at each 
site and for each sampling event. The largest percent difference for each
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element (i. e. 25% for Al) was chosen even though the majority of values were 
much less (<10%) in order to be very conservative. Positive values represent a 
higher concentration in 1995 than 1989 and negative values represent a 
decrease in concentrations since 1989. Blanks were prepared and analyzed 
with all water and sediment samples to ensure that there was no contamination 
of samples in the laboratory. All elements were below detection except for the 
presence of trace quantities of Ca, Fe, and Zn in some blanks (Appendix 6), 
which did not significantly affect values of the samples.
SEDIMENT OUPLICA TES
S12X BF 21.8 S01TZ S14X S13TX S14X S14Y RANGEOF
n = 4 n = 5 n = 4 n = 7 n = 6 n = 4 n = 4 % RSD
Element inn Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SO) Mean (SD) Mean (SD)
Al 7 5400 (120) 4900 (0) 11000 (0) 5200 (150) 6800 (110) 4900 (130) 5900 (170) 0 - 2.9
As 7 14 (1.8) 10 (1.9) 't f" ? 4 .4 Ô.2 ' (A.Wr" 8.7 (1.0) l6 (2.6) 5.3 - 31
Ca 1 0 19000 (01 29000 (550) 7500 (50) 33000 (2100) 4700 (41) 24000 (0) 24000 (0) 0 - 6.4
£M___ 1 BDL (BDL) BDL (BDL) 2.0 (0.062) BDL (BDL) BDL (BDL) BDL (BDL) BDL (BDL) • 3.1
CD 3 5.79 (0.210) ).30 (0.0868) 13.3 (0.0724) 5.25 (0.214) 4.48 (0.199) 5.48 (0.0591)6.05 (0.0577) 0.54 - 4.4
Cu 1 28.5 (0.612) 28.4 (1.781 77.1 (1.48) 24 9 (1.82) 11.9 (0.136) 23.1 (1.60) 22.7 (0.347) 1.1 - 7.3
Fe 3 13000 (580) 9800 (71) 24000 (500) 11000 (690) 10000 (410) 11000 (0) 13000 (580) 0 • 6.3
Mq 1p 6800 (58) 6200 (0) 5600 (130) 7300 (190) 4900 (55) 6000 (170) 6500 (140) 0 - 2.8
Mn 0.5 500 (3.27) 455 (7.79) 1470 (5.00) 378 (18.6) 911 (8.40) 704 (7.72) 852 (9.36) 0.34 - 4.9
Na ip 61 (1.4) 56 (1.4) 64 (1.1) 78 (2.1) 46 (1.8) 69 (0.53) 71 (0.64) 0.77 - 3.9
NI 2 9.2 (.040) 890 (0) 16 (0.41) 8.9 (0.39) 9.2 (0.36) 9,1 (0.48) 10 (0.21) 0 - 5.3
P 900 (60) 900 (0) 1000..(0).... 900 (50) ...900 (0) 800 (0) 600 (0) 0 - 7
Pb 10 19 (0.59) 22 (1.2) 150 (5.8) 17 (0.79) 16 (1.9) 14 (1.3) 18 (0.67) 0.38 • 12
Sr 0.5 23 2 (0.0209) 30 (0.353) 25.8 (0.292) 34.2 (1.00) J.35 (0.0906) 29.2 (0.383) 28.1 (0.402) 0.09 - 2.9
TI 0.Ç 111 (0.322) 110 (0.934) 176 (1.97) 116 (3.09) 63.2 (0.948) 119 (2.01) 132 (2.34) 0.29 - 2.7
Zn 0.Ç 59.2 (1.76) 60.4 (8.56) 336 (4.57) 60.6 (2.30) 34.8 (0.654) 46.2 (3.11) 50.2 (1.15) 1.4 - 14
K 300 772 (36.6) 704 (11.3) 1220 (29.9) 1040 (19.9) 634 (29.5) 798 (75.9) 1030 (31.5) 1.6 - 9.5
4; seD?Af catt
plean concentr€itions €utd standard deviations of sediment replicates. COD stands for 
instrument limit of detection which is caicuiated as 3  times the standard deviation of 10 
replicates of the biank and corrected for dilution. Concentrations are reported in ppm as 
mean (standard deviation). *the second row of the table gives sample name of the 
duplicates; n = number of times tmalgzed. A cumulative range of percent relative 
standard deviation is given in the last column. *Ote *3.1 for arsenic means th a t only one of 
the duplicate samples was above the detection limit. *Oterefore only the percent relative 
standard deviation fo r that sample is listed. Refer to Appendix 4 fo r information from  
each individual analysis.
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Statistical Methods
Statistical analyses utilizing Statview (Abacus Concepts 1992) were used to 
evaluate whether there have been any riverwide changes in solute metal 
distributions since 1989. Histograms for each element indicated that none of 
the data were normally distributed. Wilcoxon’s signed rank test, a 
nonparametric version of the t-test, was chosen to compare the 1989 and 1995 
water data sets (Moses 1986).
Statistics were also used in order to evaluate whether particulate metals 
concentrations were different during 1995-96 and from 1989 to 1995. 
Histograms developed in Statview (Abacus Concepts 1992) for each element to 
determine the distribution of the data showed that none of the elements were 
normally distributed except Ti and possibly Zn and therefore median 
concentrations were better representative of the data than means (Moses 
1986). Because the data was not normally distributed, nonparametric statistics 
were used (Abacus Concepts 1992) for comparisons. Wilcoxon’s signed rank 
test was used to distinguish particulate metal changes in the mainstem of the 
Biackfoot River between samples collected in August and October of 1995 and 
January and February of 1996. Wilcoxon’s signed rank test was also chosen to 
compare the 1989 and October 1995 data sets divided into 3 categories: (1) 
Biackfoot River mainstem only, (2) mainstem sites and sites on mined 
tributaries, and (3) unmined tributaries and to identify the concentration 
changes between the four sampling events in 1995-96. Probability (P- ) values
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<0.0500 were selected as the range used to determine If concentrations of 
elements were different.
RESULTS
Water Chemistry
Concentrations of most solute contaminants were high In the headwaters of 
the Biackfoot River during the 1995 sampling and decreased rapidly 
downstream (Figure 2). Sulfate and Mn were extremely high and pH was low In 
the contaminated tributaries and upper mainstem as compared to the lower 
mainstem. Sulfate forms from the oxidation of sulfides such as pyrite In the 
mineralized regions of the drainage (Coffin and Wilke 1971). Lead and NI were 
only above detection at 215.0 km, the drainage from the Mike Horse Mine. 
Cadmium Is only above detection at 215.0 and 212.9 (the 2 uppermost water 
sampling locations). Copper was above detection only at 215.0 and 210.6, the 
outflow from the Paymaster Mine. Paymaster Creek provided the only Al 
concentration above detection and supplied the mainstem with abundant Fe 
(5.5 mg/l). The high Fe concentration extended 12.5 km downstream to 198.1 
(near the confluence of Alice Creek) before It fell below detection.
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*€he lines labeled IJKÇ m ark  average background concentrations. COD stands fo r  
ins tru m ent lim it o f detection.
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Although Ca and Mg were depleted in the upper river compared to the lower 
mainstem, except at 215.0 and 212.9, they were the principle solute 
constituents. All constituent concentrations reached background values 
(concentrations similar to not mined or minimally mined tributaries of the 
Blackfoot River) in the upper few km of the river except for Fe, Mn, and Zn which 
extended about 25 km downstream. Arsenic was below detection in all waters 
sampled.
Sediment Chemistry
Concentrations of Al, As, Cd, Fe, Mn, Ni, and Pb decreased from elevated 
levels to background (uncontaminated tributary and lower mainstem values) 
within about 25 kilometers of the headwaters (Figure 3). Background 
concentrations of Gu and Zn were reached 80 km and 140 km downstream, 
respectively. Sodium, Ca, Mg, and Sr were relatively low in the headwaters 
compared to the lower mainstem and increased downstream. Titanium, P, and 
K showed little change throughout the basin.
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Statistical Results and Comparisons
On average, the downstream dispersion of solute metals does not appear to 
have changed since 1989 except for Ca (Table 5). The largest percent change 
between solute concentrations for 1989 and 1995 occurred at the Mike Horse 
Mine drainage (215.0) and the Carbonate Mine drainage (210.0) (Table 6). 
Positive percent changes represent higher concentrations in 1995 than 1989 
and negative percentages exhibit a decrease in concentrations since 1989. 
Elements above detection at 215.0 decreased since 1989 except for Cu which 
increased 450% and Al which did not change. At 210.0 most constituents 
decreased except for Ca and Mg which increased and Ni which didn’t change.
WILCOXON'S SIGNED RANK TESTS FOR WATER
Element P-Value D ifferent?
Al 0 .6 0 1 2 no
ca 0 .0 0 6 8 ves
Fe 0 .3 8 6 9 no
Mq 0 .6 6 7 7 no
Mn 0 .1 0 3 3 no
Zn 0 .2 7 7 2 no
Sulfate 0 .7 0 8 9 no
5: WüCeOXOM'S SVÇAIED K /W K  ‘TESTS JOK  IV/ITEW 
‘TItc IVtfcoxoM's lügned rank tests for water are summarieett in this table. JAain stem sites 
were used to  determine if there is a riverwide change in solute metals concentrations 
between 1989 and 1995. p-values <0 .0500  (i. e. a  95% to >99% chance) mean th a t the two 
data  sets are different. Elements not listed did not have enough seunpies above detection
to use the tests.
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Solute T 2 1 5 .0 T 2 1 0 .0 + /- Percent
Contaminant % change since 1989 % change since 1989 V ariab ility
Al 0 - 8 7 1 4
Qt - 6  1 1 3 0 1 0
Cu 4 7 3 - 9 2 2 3
Fe - 7 0 - 9 7 1 7
Mg - 7 4 3 7 1 0
Mn - 9 4 - 8 2 1 0
NI - 6 7 0 1 1
Zn - 5 5 - 9 7 1 3
Sulfate - 7 0 - 5 2 1 0
6: SOCU*ZE eH/IMÇES
percent change in concentrations between 1989 and 1995 showing +i- percent tab or field  
variedfiiitg (whichever is greater). *the zero values shown for /U and f it  result from  
concentrations for both years below the instrument limit of detection. Positive values 
represent a higher concentration in 1995 than in 1989 and negative values represent a  
decrease in concentrations since 1989. T215.0 Is a t  the M ike Horse M ine and *1210.0 is a t  
the Carbonate Mine.
Statistical analyses were used to evaluate changes in sediment concentrations 
between samples collected in August 1995, October 1995, January 1996, and 
February 1996. The only trace elements that showed statistical change were 
As, Cu, and Ni (Figure 4). August, October, and January concentrations of As 
were statistically different but February was not, and all dates showed a similar 
trend. At most sites. As concentrations were higher in October than in August 
and January and in the lower mainstem sites (river kilometer 168.5 and 
downstream), As concentrations were higher in August than in January.
October and January were the only sampling events statistically different for Cu. 
Cu concentrations were higher in October than in January for river kilometer 
168.5 and downstream sites although they were not different in the upper river.
Nickel concentrations in October, January, and February (but not August) 
were different statistically. Nickel concentrations in the upper river were not 
distinguishable. At river kilometer 185.7, 153.3, and 12.7, Ni concentrations
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were higher in October than in February and February concentrations were 
higher than in January. In general, October concentrations were the highest. At 
river kilometers 193.2, 117.6, and 74.4, February concentrations of Ni were the 
highest. At all sites, February concentrations were higher than January 
concentrations.
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Baslnwide sediment metal concentrations have changed significantly from 
1989 to 1995-6. Utilization of Wilcoxon’s signed rank test revealed that 
concentrations of Ca, Mg, and Ni in the unmined tributaries have increased 
(Table 7). On the mainstem, concentrations of Al, As, Mg, Na, and Ti have 
increased over the last 6 years. Mainstem sites and mined tributary sites were 
combined and analyzed to conclude that since 1989, concentrations of Al, Mg, 
Na, Ti, and K have increased while Cu concentrations have decreased. Local 
changes were also observed. The largest percent changes between particulate 
metal concentrations for 1989 and 1995 occurred at the Mike Horse Mine and 
Carbonate Mine drainages (Table 8). Since 1989, As, Cu, Fe, and Pb, 
decreased at the Carbonate Mine while the Al, Ca, Cd, Mg, Mn, Ni, and Zn 
increased significantly. Site 210.0 is intriguing because it shows some of the 
highest increases from 1989 to 1995-6 . For example. Mg is more than 
15,000% higher in 1995-6 than 1989, Mn is 6330% higher, and Zn is 593% 
higher. At the Mike Horse Mine, the largest source of metals contamination in 
the Blackfoot River basin, Ca, Cd, Cu, Fe, Ni, and Zn have decreased since 
1989 while Mg, Na, Pb, and Ti have increased considerably (210%, 440%, 
217%, 569%, respectively).
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P-VALUES FROM WILCOXON'S SIGNED RANK TESTS FOR SEDIM ENT
Element Auq vs Oct Different? Oct vs Jan Different? Jan vs Feb Different?
Al 0 .0 5 9 3 no 0 .1 7 6 3 no 0 .0 2 7 7 yes
As 0 .0 1 2 5 yes 0 .0 2 8 0 yes 0 .9 1 6 5 no
Cà 0 .0 8 0 1 no 0 .8 9 2 7 no 0 .2 0 4 9 no
oa 0 .0 6 7 9 no 0 .6 5 4 7 no 0 .2 8 5 0 no
CU 0 .7 9 8 9 no 0 .0 4 6 4 yes 0 .1 7 6 3 no
Fe 0 .5 1 4 7 no 0 .3 4 5 4 no 0 .7 5 3 2 no
Mg 0 .7 2 6 3 no 0 .0 5 9 2 no 0 .7 3 5 3 no
Mn 0 .1 6 8 8 rx) 0 .8 6 5 8 no 0 .8 6 5 8 no
Ni 0 .6 7 2 6 no 0 .0 2 8 0 yes 0 .0 1 8 0 yes
Pb 0 .5 5 3 6 no 0 .1 7 6 3 no 0 .7 5 3 2 no
Zn 0 .3 7 4 3 no 0 .4 9 9 0 no 0 .7 3 5 3 no
<tA(3£€ 9: WOCeOXOM'S 590/tfED  K/U^K TESTS JOK  SEOSVWEA/T 
‘the Wilcoxon's signed rank tests fo r sediment are summarized in this table. Only main 
stem sites are used to determine riverwide changes in sediment metals concentrations 
between 1989 an d1995. 19-values <0 .0500 mean that the two data sets are different.
Sediment T 2 1 5 .0 T 2 1 0 .0 +/• Percent
Contaminant % chanqe since 1989 % chanqe since 1989 V ariab ility
Al • 2 2 5 9 0 2 5
As -1  5 - 8 2 3 5
Ch • 4 0 5 6 0 0 1 9
oa • 9 4 2 6 0 0 4 4
Cu • 8 7 . 7 • 7 4 . 4 4 6
Fe • 8 3 • 6 4 3 5
Mq 2 1 0 1 5 8 4 6 2 3
Mn - 5 2 . 6 6 3 3 0 5 4
Ni - 7 8 1 1 5 0 2 5
Pb 2 1 7 • 9 9 3 2
Zn - 9 5 . 5 5 9 3 4 6
<tAQCE 8 : SED9MSj»<t PEnCEfl^t CH/UHgES
Percent changes in concentration between 1989 and 1995. Positive values represent a 
higher concentration in 1995 than in 1989 and negative values represent a decrease in 
concentrations since 1989. Variation among triplicate sediment samples was sometimes 
high. Variabilitg was determined by calculating the percent difference between the 
triplicate samples a t  each site fo r each sampling event. The largest percent difference for 
each element (i. e. 25% for At) wets chosen even though the majority of values were much 
less (<10%) in order to be very conservative. <t215.0 is a t the JVlike Horse /dine and T2fO.O 
is a t  the Carbonate /dine.
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In summary, it is apparent that, in general, the basinwide solute metals 
concentrations have not changed although some particulate metals have 
increased or decreased. Large local changes of metals in the water and 
sediment have occurred at the Mike Horse and Carbonate Mines.
DISCUSSION
In order to compare solute metal concentrations from 1989 to 1995, an 
attempt was made to determine the changes in concentrations that may have 
occurred due to differences in discharge between the sampling dates. The only 
discharge data available for 1989 was at the gaging station near Bonner close 
to the mouth of the river, so it was necessary to try to correct upstream for 
changes in concentration from flow differences.
The discharge at Bonner in 1995 was about 300 to 500 cfs lower than in 
1989 and therefore one would expect the 1995 metals concentrations to be 
higher than 1989 concentrations solely because lower flows mean less dilution 
(Bencala et al. 1987; Rampe and Bunnells 1989; Kimball 1991; Wetherbee and 
Kimball 1991). There is a general relationship especially in the lower mainstem 
showing that discharge at the Bonner gage is tied to discharge at other 
mainstem sites. Because the 1989 and 1995 water data sets are very small and 
most metal concentrations are below instrument detection limits, the discharge 
relationship is not strong enough to be quantitative or predictive. Therefore it is 
not certain that small changes (~ 10%) between the data sets are significant 
and hence the field variability for all solute metals was a minimum of 10%.
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Elevated concentrations of most solute constituents (Cd, Cu, Ni, Pb) reached 
background within a few kilometers of the main headwater source probably 
because the high gradient there supplied the oxygen required for precipitation 
and coprecipitation (Michaelis 1988). Also, métal sufates may precipitate out of 
low pH water due to high sulfate concentrations (Nordstrom 1982). Dilution and 
buffering by more alkaline water are also likely to cause decreases in solute 
metal concentrations. Previous studies that investigated the mobility of metals 
in acid mine drainage environments generally found that Zn, Cd, and Mn are 
most mobile followed by Al and Cu and that Fe, As, and Ni are least mobile 
(Leckie et al. 1980, Calmano and Forstner 1983, Rampe and Bunnells 1989, 
Moore et al. 1991). The concentration of Cd in the water was low and was 
quickly diluted in the headwaters. Elevated Zn concentrations extended about 
90 km downstream because Zn is very mobile (Leckie et al 1980, Rampe and 
Runnels 1989). Manganese concentrations were above background for 
approximately 20 km downstream, although it is expected to be about as mobile 
as Zn. A US Bureau of Mines study found that wetlands with a pH of about 7 
were very effective at removing Mn from water by plant uptake or by bacterial 
oxide precipitation (Michaelis 1988). Solute Mn concentrations at the upstream 
end of the first of three marshes on the mainstem of the river (km 211.0) were 
high (-  0.3 mg/l) and Mn fell below detection by the end of the first marsh 
suggesting that most of the Mn was likely precipitated out in the wetland. 
However, Mn may be reintroduced into river water as physical or chemical 
changes occur (Moore et al. 1991). Although Fe is not as mobile as Mn,
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concentrations above background were found about 25 km downstream from 
the headwaters because there are several other Fe sources lower In the river 
(Paymaster Creek, 210.6, and Hogum Creek, 192.4) that do not provide other 
solute contaminants. It is also possible that colloidal iron (<0.45 pm) might have
been collected in the sample. As expected, Al, Cu, and Ni are not very mobile 
In the river system.
Statistical analyses of sediments from the four “seasonal” samplings in 1995- 
96 suggest that only As, Cu, and Ni varied with season. The highest 
concentrations for As and Cu were detected during the lowest flows. Possibly 
this results from an insufficient amount of cleaner sediments to dilute the metals- 
contaminated sediments, resulting in higher concentrations of metals during 
lower flows (Rampe and Runnells 1989). Also, these metals could be more 
readily released from the bottom sediments during lower flow because of 
increased contact time (Reese et al. 1978). Nickel was less predictable in the 
lower river where all February concentrations were higher than in January even 
though February had the highest flows and the lowest concentrations were 
expected.
Most particulate constituents had elevated concentrations about 25 km 
downstream from their source in the headwaters except for Cu and Zn which 
continue at high levels about 80 km and approximately 140 km downstream, 
respectively. Stream sediment geochemical exploration literature indicate that 
the greatest naturally occurring metal anomalies rarely extend more than 10-20
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kilometers downstream (Helgen and Moore 1996) and they found this to be true 
for the Blackfoot River. From the downstream mobilization of metals previously 
discussed, it is expected that Zn contamination extends farther downstream 
because it is more mobile. Additionally, one would expect than Cd and Mn 
would also have longer dispersion trains but they do not. About 30 km 
downstream, Cd concentrations fall below detection and therefore background 
concentration is below detection. Moore et al. (1991) found that Cd remained 
bioavailable more than 75 km downstream from its source.
Remediation which included removal of wastes to a repository making them 
unavailable for weathering and treatment of adit discharge is likely responsible 
for the decrease in solute metals at the Mike Horse Mine (215) since 1989. The 
only metal which increased (below instrument detection in 1989 and 0.0573 
mg/l in 1995) was Cu. During excavation of the waste rocks, additional Cu may 
have been discharged into the stream system. Copper is less likely than many 
other metals to adsorb to or coprecipitate with iron oxyhydroxides (Gibbs 1973; 
Davis et al. 1991) and therefore it is possible that it remained in the solute 
phase.
At the Carbonate mine (210), solute metals decreased as a result of 
remediation except for Ca and Mg which likely increased from limestone 
addition during remediation efforts. Most sediment constituents including Ca 
and Mg increased since 1989 at this site. The mechanism for increased 
sediment concentrations is most likely the change in pH. In 1989 the pH of the 
water was 5.3 and in 1995 it was 7.4; a change from acidic to neutral.
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Limestone used in remediation caused the increase in pH (Sengupta 1993). 
Some metals are less soluble at higher pH and precipitate onto the bed 
sediment (Rampe and Runnells 1989), decreasing solute metal concentrations.
Most particulate metals at the Mike Horse mine decreased since remediation 
began. The only metals which increased were Mg and Pb. Sediment Mg 
increased in the unmined tributaries, mined tributaries, and the mainstem. 
Therefore, the increase in Mg was basinwide and not necessarily a result of 
remediation. Cerrusite, PbCOg, and hydrocerrusite, Pb3(C03 )2(0 H)g, are 
relatively insoluble secondary minerals, formed by the oxidation of lead rich 
ores, (Alpers et al. 1994) which are stable at the pH values observed at this site 
(Stumm and Morgan 1970). Lead may possibly be mobile through the 
treatment system and forming PbCOg in the vicinity of the sampling site. A more 
detailed chemical analysis throughout the treatment system would be required 
to determine this.
CONCLUSIONS
My analysis of the Blackfoot River determined that the upper 25 km of the 
river remains degraded by contaminant inputs from mining in the headwater 
tributaries. In the headwaters, most solute metals and all particulate metals 
remain elevated above background concentrations. The downstream 
dispersion of metals in water and sediment has not changed since 1989 
although there are site specific changes. Remediation at the Upper Blackfoot 
Mining Complex has been partially successful. Remediation has decreased the
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metal input to the Blackfoot River from the Mike Horse mine although at the 
Carbonate mine, remediation appears to have changed metals from the 
dissolved phase to the sediment phase. The data has shown no immediate 
basinwide recovery as a result of remediation. Once remediation is complete, it 
will be necessary to monitor for any long-term decrease in metals 
concentrations in the Blackfoot River. In the larger picture of acid mine drainage 
problems from abandoned mines, it is imperative that remediated sites are 
monitored by independent parties to insure that improvements in basinwide 
sediment and water quality are attained.
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APPENDIX 1: SEDIMENT DIGESTION METHOD
Preparation of sediment samples for ICAPES analysis used the following aqua 
regia (partial) digestion method.
1. Half a gram of each finely ground sediment sample recorded to ten- 
thousandths of a gram was weighed into a 120 ml Teflon digestion vessel 
(Savillex Corp. #578) on a analytical balance.
2. To each vessel, 0.5 ml of Milli-q water was added to evenly wet the sediment. 
The caps were placed on top of the vessels, but not tightened, and the sediment 
and water was allowed to stand for 30 minutes.
3. To each vessel, 3.75 ml trace metal grade hydrochloric acid and 1.25 ml of 
trace metal grade nitric acid was added. Each vessel was tapped lightly and 
swirled until no clumps of sediment remained. Caps were replaced on the 
vessels and the acidified sediment was allowed to stand for one hour.
4. Digestion was performed in batches of seven so after the waiting period, the 
caps were tightened on the first seven vessels using plastic wrenches designed 
by the manufacturer. The pressure release tops were tightened carefully so as 
not to allow too much or too little gas to escape. In general a one-quarter turn 
past initial closing of the top provided the appropriately secure fit.
5. In order to determine if venting (excess release of gas through the pressure 
release tops) occurred during digestion, an indicator solution was prepared.
The solution contained 5 drops of 0.5 M NaOH and several drops of 
phenolphthalein in 250 ml of water. Some of the solution was placed in each of 
seven small glass vials arranged in a glass beaker which was half full of water.
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Plastic tubes were fit into openings In the vessel caps and also into vials of the 
indicator solution. The entire apparatus was placed in a plastic cake container 
to impede the release of gasses. Severe venting could cause all vials to turn 
from pink to clear whereas lightening of an individual vial of solution indicated 
slight venting of that particular sample.
6. The sealed cake container and its contents were loaded on a turntable in a 
570 watt microwave oven. Four plastic bottles full of cold water were placed in 
the corners of the microwave. The microwave was set on high for 6 minutes.
7. After cooking, the sealed cake container was opened under a fume hood, the 
vials were immediately inspected for evidence of venting, and any such 
information was recorded. The plastic tubing was withdrawn, new indicator 
solution replaced the old in the vials, and another batch was placed in the 
microwave following steps 5 and 6 again.
8. After cooling for 2 hours at room temperature, pressure release tops were 
untightened with the opening for the plastic tubing pointing away from the body 
and into the fume hood. Digests were then transferred to labeled and 
preweighed, acid washed and deionized water-rinsed 50 ml centrifuge tubes. A 
minimum of 3 rinses with Milli-q water was used to ensure that the entire 
contents were removed but the tubes not overfilled.
9. Each centrifuge tube was placed on an analytical balance and Milli-q water 
added to reach a goal weight of 50 grams. Exact weight was recorded to the 
hundredths of a gram.
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10. Centrifuge tubes were firmly capped and centrifuged at 2500 RPM for 6 
minutes. Clarified digests were transferred and stored in prelabeled acid 
washed and deioninzed water rinsed 60 ml low density polyethylene narrow 
mouth bottles until analysis was completed. Remaining undigested sediment 
was discarded.
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APPENDIX 2; SEDIMENT STANDARDS
This appendix contains each individual analysis that is reported in summary 
form in Table 1. Concentrations are in ppm. BDL means below the Instrument 
limit of detection of the ICAPES (See Table 1 for detection limits). ND = no data. 
“GS of 0 ” stands for Geological Survey of Canada.
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AI As Ca Cd Co Cu Fe Mfl Mn Na ' Ni P Pb Sr Ti Zn K
SAMPLE NAME
08/21/95 SED2E 6000 160 17000 9.1 9.47 1150 23000 4700 1510 130 10 800 160 50.1 409 1570 1970
09/10/95 SE02E 5700 160 17000 9.1 9.51 1140 21000 4500 1550 120 9.7 800 160 48.4 396 1550 1820
09/10/95 SE02E LD 5500 160 18000 9.0 9.34 1150 21000 4400 1560 130 11 800 150 48.4 392 1540 1880
09/19/95 SE02E 5600 160 18000 9.2 9.92 1180 22000 4400 1530 130 11 800 150 48.0 384 1580 1850
09/10/95 SED2E LD 5500 160 16000 9.1 9.70 1160 22OÔ0 4400 1570 130 11 800 150 48.8 395 1560 1880
09/10/95 SED2E LD 5600 160 18000 9.1 9.48 1160 21000 4500 1570 130 10 800 160 48.8 397 1560 1850
11/04/95 SE02E 5600 190 19000 8.8 9.43 1230 20000 4500 1550 120 9.4 900 160 49.3 326 1660 1740
11/05/95 SED2E-1 5100 180 19000 8.5 9.33 1260 19000 4100 1590 110 9.0 900 ISO 48.8 349 1620 risio
11/05/95 SED2E-2 5000 170 19000 9.2 9.53 1220 19000 4100 1640 110 9.8 900 160 47.9 359 1680 1590
11/05/95 SED2E-2LD 5000 170 18000 8.7 9.33 1210 19000 4100 1580 110 9.3 900 150 47.7 351 1590 1530
11/05/95 SED2E-2 LD 5000 180 18000 8.6 9.03 1220 19000 4100 1590 110 8.7 900 ISO 47.9 353 1610 1550
11/OS/95 SED2E-2LD 5000 180 ^ 18000 8.4 8.89 1230 19000 4100 1560 110 8.6 900 ISO 47.3 348 1640 1540
11/05/95SED2E-2 LD 5000 180 18000 8.3 8.89 1250 19000 4100 1560 110 8.1 900 ISO 47.6 349 1610 1570
11/05/95 SED2E-2 LD 5100 180 18000 8.5 8.82 1220 19000 4100 1530 110 8.7 900 150 47.1 348 1610 1540
11/05/95 SE02E-2 LD 5100 180 18000 8.7 8.91 1230 19000 4100 1550 110 8.9 900 ISO 47.5 351 1630 1520
11/05/95 SE02E-2L0 5100 180 18000 8.4 8.91 1230 19000 4100 1550 110 8.5 900 150 47.5 351 1630 1540
01/04/96 SED2E-1 5800 160 17000 9.4 9.14 1150 21000 4500 1500 120 10 800 160 48.0 391 1590 1890
01/04/96 SED2E-2 6000 160 17000 9.1 9.29 1150 21000 4600 1480 120 11 800 ISO 47.9 406 1540 1970
01/07/96 SED2E-1 6100 170 18000 9.5 9.79 1180 21000 4700 1540 130 11 800 160 49.3 412 1620 2000
01/07/96 SED2E-2 6200 170 17000 9.2 9.59 1160 21000 4700 1510 130 11 800 160 49.1 407 1570 2000
01/09/96 SED2E-1 6500 170 18000 9.7 9.95 1210 21000 4900 1600 130 11 800 160 50.4 446 1620 2160
01/09/96 SED2E-2 5900 170 17000 9.4 9.51 1180 21000 4600^ 1500 120 10 800 160 47.8 403 1600 1950
01/21/96 SED2E-1 5800 160 17000 8.3 9.00 1120 22000 4500 1500 130 8.5 800 150 48.5 405 1540 1990
Average 5500 170 18000 8.9 9.34 1190 20000 4400 1550 120 9.7 800 150 48.4 379 1600 1780
Standard deviation 460 9.5 650 0.41 0.340 40.0 1300 260 38.3 9.0 0.92 50 5.0 0.867 30.5 39.0 207
uses reported avg 8800 144 17000 8.3 9.0 1100 22800 5200 1500 220 10.8 ND 149 50 ND 1500 2100
uses reported stdev 2300 33 1700 1.6 2.7 200 4800 500 100 60 2.0 ND 24 13 ND 100 400
Percent difference -38 18 5.9 7.6 3.7 8.2 -12 -15 3.3 -45 -10 0.67 -3.3 6.7 -15
01/21/96 STSD4-1 7400 17 11000 BDL 9.55 64.3 22000 5200 1200 220 21 900 18 42.7 331 77.3 782
01/21/96 STSD4-2 7800 17 10000 BDL 9.76 63.9 23000 5500 1190 250 23 900 17 44.8 371 77.4 816
01 /21/96 STSD4-3 7700 16 11000 BDL 9.77 63.7 23000 5500 1190 240 22 900 19 43.9 354 77.6 803
03 /03/96 STSD4-1 8000 20 10000 BDL 9.68 59.8 23000 5500 1150 250 23 900 16 44.7 385 74.8 741
03/03/96 STSD4-1 LD 8100 19 10000 BDL 9.68 60.3 24000 5500 1160 250 23 900 18 45.0 387 74.6 740
03/03/96 STS04-2 7900 19 10000 BDL 10.1 60.0 23000 5400 1170 240 23 900 17 44.3 377 75.2 757
03/09/96 STSD4-2 7900 14 11000 BDL 10.3 65.4 24000 5600 1210 250 24 900 19 47.1 384 76.6 656
03/09/96 STSD4-1 7600 12 10000 BDL 10.1 64.8 24000 5400 1200 230 24 900 17 45.7 358 74.6 619
Average 7800 17 10000 9.87 62.8 23000 5500 1180 240 23 900 18 44.8 368 76.0 739
Standard deviation 210 0.58 ^ 580 0.127 0.287 580 170 5.77 IS 0.71 0 0.86 1.08 20 0.160 17.1
GS of C rept avg ND 11 ND 0.6 11 66 26000 NO 1200 NO 23 NO 13 ND ND 82 NO
GS of C reported stdev NO 3 NO 0.3 1 5 3000 «NO ND ND ND ND ND ND ND NO ND
Percent difference 52 -10 -5 -12 -1.7 -1.0 35 -7.3
45
APPENDIX 3: WATER STANDARDS
This appendix contains each individual analysis that is reported in summary 
form in Table 2. Concentrations are in ppm. BDL means below the Instrument 
limit of detection of the ICAPES (See Table 2 for detection limits). ND = no data. 
“GS of C" stands for Geological Survey of Canada.
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APPENDIX 4: DUPLICATES
This appendix contains each individual analysis that is reported in summary 
form in Table 4. Sediment concentrations are in ppm and solute concentrations 
are in mg/l.
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Ai Aa Ca Cd Co Cu Fe Mg i . Na M p \ Pb Sr Ti Zn 1 K
"  !
;
O a /1 3 /9 S  S12X 5 5 0 0 12 1 9 0 0 0 BOL 5.61 29.1 1 2 0 0 0 6 8 0 0 !  4 9 7 5 9 8 .8 6 0 0 19 2 3 .2 111 5 8 .4  ! 7 3 0
0 6 /1 V 9 S  S12XLD 5 3 0 0 15 1 9 0 0 0 BOL 5 .7 4 2 7 .9 1 3 0 0 0 6 7 0 0  ! 5 03 6 2 9 .6 9 0 0 18 2 3 .2 111 5 8 .0 79 8
0 6 /1  » /9 S  S1ZX L0 5 5 0 0 14 1 9 0 0 0 BOL 6 .0 2 2 8 .5 1 3 0 0 0 6 8 0 0 |  5 0 0 61 9 .2 9 0 0 20 2 3 .2 111 61 2 7 8 9
0 6 / 1 6 /9 5  S12X L 0 5 4 0 0 13 1 9 0 0 0 BOL 5 .63 27 .7 1 3 0 0 0 6 8 0 0  ! 4 9 9 61 9.1 6 0 0 19 23 .2 1 10 5 7 .8 775..... !
A verage 5 4 0 0 14 1 9 0 0 0 BOL 5 7 9 2 8 5 1 3 0 0 0 6 8 0 o j  5 0 0 61 9.2 9 0 0 19 2 3 .2 111 5 9 .2 772
S ta n M n t deviation 1 2 0 1 A 0 BOL 0 .2 1 0 0 .6 1 2 5 8 0 58  j 3.27 1.4 0 .4 0 6 0 0 .5 9 0 .0 2 0 9 0 .3 2 2 1 .76 36 .6
i
1 1 /0 4 /9 5  BF21.8 4 9 0 0 8 .8 2 9 0 0 0 BDL 5 .4 5 2 6 .6 9 7 0 0 6 2 0 0  [ 4 6 2 57 7.5 9 0 0 2 3 30 .3 111 5 4 .6 702
1 1 /0 4 /9 5  8 F 2 1 .a  LD 4 9 0 0 a s 2 9 0 0 0 BDL 5 .2 7 30 .5 9 8 0 0 6 2 0 0 r 4 5 8 54 7 .9 9 0 0 23 30.1 111 5 7 2 6 8 5
1 1 /0 4 /9 5  BF21.8LD 4 9 0 0 12 3 0 0 0 0 BOL 5 .2 9 2 8 .0 9 8 0 0 6 2 001  4 4 9 5 7 7 .6 9 0 0 2 4 2 9 .6 1 1 0 75 .5 712
1 1 /0 4 /9 5  6 F 2 1 .8 L 0 4 9 0 0 9 2 3 0 0 0 0 BOL 5 .2 7 2 7 .0 9 9 0 0 6 2 0 0 1  4 6 2 58 7.5 9 0 0 21 30.1 111 5 6 3 7 0 9
1 1 /0 4 /9 5  8 F 2 1 .8 L 0 4 9 0 0 12 2 9 0 0 0 BOL 5 .2 3 30.1 9 8 0 0 6 2 0 0 1  4 4 5 5 6 7 2 9 0 0 22 29 .5 10 9 58 .3 7 12
1
A verage 4 9 0 0 1 0 2 9 0 0 0 BOL 5 .3 0 2 8 4 9 8 0 0 6 2 0 0  [ 4 5 5 5 6 8 9 0 9 0 0 22 3 0 11 0 6 0 .4 704
S tandard  devieiion 0 1.9 5 5 0 BOL 0 .0 8 6 8 1 .7 8 71 0  7 .7 9 1 .4 0 0 1 ? 0 .3 5 3 0 .9 3 4 8 .5 6 11.3
1
0 9 / 3 0 /9 5  5 0 1 TZ 1 1 0 0 0 59 7 5 0 0 2.0 1 3 .2 7 9 .3 2 3 0 0 0 5 7 0 0  1 4 7 0 62 1 6 1 000 150 2 6 1 1 78 331 1 2 5 0
0 9 / 3 0 /9 5  S01T2 LO 1 1 0 0 0 6 ( 7 5 0 0 2 .0 13 .3 76 .6 2 4 0 0 0 5 6 0 0  1 4 7 0 6 4 17 1 000 ISO 2 5 .8 1 76 340 1230
0 9 /3 0 /9 5  S01TZ ID 1 1 0 0 0 63 7 5 0 0 2.1 1 3 .4 76 .3 2 4 0 0 0 5 5 0 0 1  1 4 6 0 6 4 16 1 000 140 2 5 6 1 74 3 4 0 121 0
0 9 /3 0 /9 5  S01TZ ID 1 1 0 0 0 67 7 6 0 0 2 .0 13 .4 7 6 2 2 4 0 0 0 5 4 0 0 1 4 7 0 6 4 16 1 000 140 2 5 5 0 4 1 74 3 3 5  ^ 118 0
A verage 1 1 0 0 0 62 7 5 0 0 2.0 13.3 77.1 2 4 0 0 0 5 6 0 0 1 4 7 0 6 4 16 1 000 150 2 5 .8 1 78 3 3 6 1220
S tandard  devration 0 3 3 50 0 .0 6 2 0 .0 7 2 4 1 .48 5 0 0 1 3 0 5 .0 0 1.1 0 .41 0 5 8 0 .2 9 2 5 1.97 4 .5 7 2 9 .9
1
0 9 / 3 0 /9 5  S14X 5 4 0 0 11 3 2 0 0 0 BOL 5 .1 6 2 6 .6 1 1 0 0 0 760 0 3 8 0 80 8 .9 9 0 0 17 35.4 1 18 5 8 .9 1 0 7 0
0 9 / 3 0 /9 5  S14X LO 5 2 0 0 12 3 3 0 0 0 BOL 5 .2 5 2 4 .7 1 1 000 730 0 38 4 8 0 8 .9 9 0 0 18 34.3 1 16 6 0 2 105 0
0 9 / 3 0 /9 5  5 1 4X L 0 5 2 0 0 17 3 5 0 0 0 BOL 5 .3 8 2 5 .0 1 2 0 0 0 7 3 0 0 3 9 9 60 8 .9 1 0 0 0 16 35 .6 1 2 0 6 1 .8 104 0
0 9 / 3 0 /9 5  S14XLD 4 9 0 0 22 3 6 0 0 0 BDL 5 .6 5 2 3 .7 1 2 0 0 0 7 0 0 0 4 0 2 8 0 9.7 1 000 18 33 .9 1 17 65.1 102 0
0 9 / 3 0 /9 5  S14X L 0 5 3 0 0 8 .6 3 1 0 0 0 BOL 5.21 28.1 1 1 0 0 0 7 5 0 0 36 6 76 8.6 9 0 0 18 3 3 .7 1 14 5 6 .0 1 07 0
0 9 / 3 0 /9 5  S14XLD 5 2 0 0 13 3 1 0 0 0 BDL 4 .9 8 2 3 .6 1 1 0 0 0 7 3 0 0 3 6 0 76 8.8 9 0 0 18 3 3 .3 113 6 0 .3 103 0
0 9 /3 0 /9 5  514XLO 5 2 0 0 13 3 1 0 0 0 BDL 5 .1 6 2 2 .9 1 0 000 7 3 0 0 3 5 5 77 8 5 9 0 0 17 3 3 .0 111 5 9 .8 103 0
A verage 5 2 0 0 14 3 3 0 0 0 BOL 5.25 2 4 .9 1 1 0 0 0 7 3 0 0 37 8 78 8 .9 9 0 0 1 7 3 4 .2 1 16 6 0 .6 1 0 4 0
S tandard deviation 1 5 0 4 .4 2 1 0 0 BOL 0 .2 1 5 1 .82 6 9 0 1 90 1 8 .6 2.1 0 .3 9 5 0 0 .7 9 1 .0 0 3 .0 9 2 .3 0 1 9 .9
0 1 / 1 4 /9 6  S13TX 6 9 0 0 BOL 4 7 0 0 BOL 4 .7 0 11 .9 1 0 0 0 0 4 9 0 0 9 23 4 4 9 .5 9 0 0 18 9 .4 6 6 4 .8 34 .5 601
0 1 / 1 4 /9 6  S13TX 6 9 0 0 BDL 4 7 0 0 BDl 4 .7 4 11.9 1 0 0 0 0 4 9 0 0 9 1 4 .9 9 7 4 3 9 .7 9 0 0 17 9.41 6 3  7 3 4 .5 601
0 1 / 1 4 / 9 6  5137X  LD 6 9 0 0 BDL 4 7 0 0 BOL 4 .4 6 1 1 .9 1 0 0 0 0 4 9 0 0 911 4 6 8 .9 9 0 0 16 9 .3 8 63.1 3 4 .6 6 7 3
0 1 /1 4 /9 6 S 1 3 T X L D 6 7 0 0 BOL 4 7 0 0 BOL 4 .4 6 11 .8 1 0 0 0 0 4 8 0 0 901 4 6 8 .8 9 0 0 15 9 .2 3 6 2 .3 3 4 .5 6 6 0
0 1 / 1 4 /9 6  S13TXLD 6 7 0 0 8 .6 4 7 0 0 BOL 4 .2 6 12.1 1 0 0 0 0 4 8 0 0 9 02 4 7 9.1 9 0 0 15 9 .2 5 6 2 .2 3 4 .6 6 4 0
0 1 / 1 4 /9 6  S13TXLD 6 7 0 0 7.7 4 8 0 0 BDL 4 .3 0 12.1 1 1 0 0 0 4 8 0 0 9 1 6 4 8 9 .0 9 0 0 13 9 .3 5 6 3 .0 36.1 631
A verage 6 8 0 0 8 2 4 7 0 0 BOL 4 .4 8 1 1 9 1 0 0 0 0 4 9 0 0 911 4 6 9 .2 9 0 0 16 9.35 6 3 .2 34.7951 6 3 4
S tandard  deviation 1 10 0 .6 4 41 BOL 0 .1 9 9 0 .1 3 6 4 1 0 55 8 .4 0 1.8 0 .3 6 ^  0 1.9 0 .0 9 0 6 0 .9 4 8 0 .6 5 3 8 9 29.S
0 2 / 2 3 /9 6  S14X 5 0 0 0 7.8 2 4 0 0 0 BOL 5 .4 9 21 .8 1 1 0 0 0 6 2 0 0 7 0 7 69 8 .4 8 0 0 16 2 9 .2 121 4 5 .0 90 5
0 2 / 2 3 /9 6  S14X LD 4 9 0 0 8 .0 2 4 0 0 0 BDL 5.53 2 2 9 1 1 0 0 0 6 0 0 0 7 13 6 9 9.1 8 0 0 15 2 9 .6 121 4 5 .4 79 5
0 2 / 2 3 /9 6  S14X LD 4 8 0 0 10 2 4 0 0 0 BOL 5 3 9 22  3 1 1 0 0 0 5 9 0 0 7 03 6 9 9.3 8 0 0 14 2 9 .0 1 18 4 3 .6 761
0 2 / 2 3 / ^  S14X LO 4 7 0 0 9.1 2 4 0 0 0 BOL 5.48 25 .4 1 1 0 0 0 5 8 0 0 6 9 5 70 9.5 8 0 0 13 2 8 .7 Ï 1 7 5 0 .7 7 3 2
A verage 4 9 0 0 8 .7 2 4 0 0 0 BOL 5.48 23.1 1 1 000 6 0 0 0 7 04 6 9 9.1 8 0 0 14 29 .2 1 1 9 4 6 .2 7 9 6
S tandard  deviation 1 30 1.0 0 BOL 0.0591 1 .6 0 0 170 7.72 0 .S 3 0 .4 6 0 1.3 0 .3 8 3 2.01 3.11 7 5 .9
0 2 / 2 3 /9 6  S14Y 6 0 0 0 ' 7 .6 2 4 0 0 0 BOL 6 .0 8 2 2 .6 1 2 000 6 6 0 0 8 5 5 72 9.5 8 0 0 17 2 8 .3 133 4 9 .5 1 0 4 0
0 2 / 2 3 /9 6  5 1 4Y LD 6 1 0 0 8 6 2 4 0 0 0 BOL 6 0 3 2 2 .7 1 2 000 6 6 0 0 8 6 3 72 10 8 0 0 18 2 8 .5 134 50.1 106 0
0 2 /2 3 /9 6  514Y LD 5 7 0 0 13 2 4 0 0 0 BOL 5 .9 7 2 1 ,2 . 1 3 0 0 0 6 3 0 0 8 4 0 71 10 8 0 0 17 2 7 .6 1 2 9 5 1 .9 9 8 7
0 2 / 2 3 /9 6  S14Y LD 5 9 0 0 11 2 4 0 0 0 BDL 6 .1 0 2 2 .4 1 3 000 6 5 0 0 8 4 9 71 9 .4 8 0 0 19 2 8 .0 132 4 9 .4 104 0
A verage 5 9 0 0 10 2 4 0 0 0 BOL 6 .0 5 2 2 .7 1 3 0 0 0 6 5 0 0 8 5 2 71 10 8 0 0 18 28.1 132 5 0 .2 103 0
Standard  daviK ton 1 70 2 .6 0 BOL 0 .0 5 7 7 0 .3 4 7 5 8 0 140 9 .3 6 0 .6 4 0 .21 0 0 .6 7 0 .4 0 2 2 3 4 1.15 3 1 .5
9 / 3 0 /9 5  T 2 1 0 .0 BOL BOL 2 7 .8 BOL BOL BOL 0 .1 5 3 7 .6 8 0 .1 6 9 4 3.81 BpL BDL BOL 0 .0 9 2 4 BOL 0 .0 2 9 6 BOL
9 /3 0 /9 5  T 2 1 0 .0 L D BOL BDL 2 6 .4 BOL b o l BOL 0 .1 5 3 7 .i» 0 .1 7 3 4 3 .8 9 BDL BDL BOL 0 .0 9 4 5 BOL 0 .0 3 0 4 BOL
9 /3 0 /9 5  T 2 1 0 .0  LO BOL BPV 2 8 6 BDL b o l BOL 0 .1 5 3 7 .8 8 0 .1 7 4 7 3 .9 0 BDL BDL BDL 0 .0 9 5 0 BDL 0 .0 3 1 0 BOL
A verage 2 8 .3 0 .1 5 3 7 .7 9 0 .1 7 2 5 3.67 0 .0 9 4 0 0 .0 3 0 3
Standard  deviation 0 .4 1 6 0 0.101 0 .0 0 2 7 6 2 0 .0 4 9 3 0 .0 0 1 3 8 0 .0 0 0 7 0 2
9 / 3 0 / 9 5  S04T BDL BOL 3 1 .0 BDL BDL BOL 0 .0 6 3 12.5 0 .0 0 5 0 2 .1 6 BDL BOL BDL 0 .0 7 9 6 BOL 0 .0 0 7 6 BOL
9 /3 0 /9 5  S04T LD BDL BOL 3 4 .6 BDL BOL BDL 0 .0 7 0 13.3 0 .0 0 5 5 2.35 BDL BOL BOL 0 .0 8 5 9 BDL 0 .0 0 9 2 BOL
9 /3 0 /9 5  S04T LD BDL BDL 35 .5 BDL BOL BOL 0.071 13 .6 0 .0 0 5 9 2.42 BDL BOL BOL 0 .0 8 8 0 BOL 0 .0 0 9 6 BOL
A verage 33 .7 0 .0 6 8 13.1 0 -0 0 5 5 2.31 0 .0 8 4 5 0 .0 0 8 8
S tandard  deviation 2 .3 8 0 .0 0 4 4 0 .5 6 9 0 .0 0 0 4 5 0 .1 3 5 0 .0 0 4 3 7 0.0011
9 / 3 0 / 9 5  T 1 9 2 .4 BOL BOL 2 4 .3 BDL BOL BOL 0 .1 7 6 7 .7 8 0 .0 2 1 0 6 .0 4 BDL 8DL BDL 0 .4 9 8 0 BOL 0 .0 1 2 9 BOL
9 / 3 0 / 9 5  T 1 9 2 .4 L D BOL eoL 2 5 .9 BDL BOL BOL 0 .1 8 5 7 .9 4 0 .0 2 3 2 6 .4 4 BOL BOL BOL 0 .5 1 6 7 BOL 0 .0 1 4 2 BDL
9 / 3 0 / 9 5  T I 9 2 .4  LD BOL BOL 2 6 .4 BOL BOL BOL 0 .1 8 7 8 .0 7 0 .0 2 3 6 6.52 BOL BDL BOL 0 .5 2 5 3 BOL 0 .0 1 4 5 BOL
Average 2 5 .5 0 .1 8 3 7.93 0 .0 2 2 6 6.33 0 .5 1 3 3 0 .0 1 3 9
^ a n d a rd  devia tion 0-0 0 5 8 6 0 .1 4 5 0 .0 0 1 4 0 0 .2 5 7 0 .0 1 3 9 6
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APPENDIX 5: BLANKS
LOD means instrument limit of detection. Dates at the top of the column 
refer to the date on which the blank was prepared in the laboratory. The last 
column contains the mean concentration and (standard deviation) for 
elements in the blanks which were above the limit of detection.
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Sample Name AI3082 AS1936 Ca3179 Cd2288 Co2286 Cu3247 Fe2599 Mg2790 Mn2576 Na5899 Ni2316 P .2149 Pb220B Sr4215 Ti3349 Zn213B K1100
Detection Limit 0.07 0.07 0.100 0.01 0.03 0.010 0.03 0.10 0.005 0.10 0.02 0.2 0.10 0.005 0.005 0.005 3.00
0 1 /0 4 /9 6  BLANK1 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 0.0055 BDL
11 /05 /95  BUNK1 BDL BDL BDL BDL BDL BDL 0.049 BDL BDL BDL BDL BDL BDL BDL BDL 0.0092 BDL
0 9 /1 9 /9 5  BLANK1 BDL BDL BDL BDL BDL BDL 0.050 BDL BDL BDL BDL BDL BDL BDL BDL 0.0159 BDL
0 9 /1 9 /9 5  BLANK2 BDL BDL BDL BDL BDL BDL 0.035 BDL BDL BDL BDL BDL BDL BDL BDL 0.0161 BDL
11 /04 /95  BLANKl BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 0.0094 BDL
11 /04 /95  BLANK2 . BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 0.0091 BDL
01 /0 7 /9 6  BLANKl BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
0 1 /0 7 /9 6  BLANK2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
0 1 /0 4 /9 6  8LANK2 BDL BDL BDL BDL BDL BDL BDL BDL BDL bdlT^ BDL BDL BDL BDL BDL BDL BDL
0 1 /0 9 /9 6  BLANKl BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
BDL '0 1 /0 9 /9 6  BLANK2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
0 1 /2 1 /9 6  BLANKl BDL BDL 0.159 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
0 1 /2 1 /9 6  BLANK2 BDL BDL 0.159 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
0 1 /2 3 /9 6  BLANKl BDL BIX 0.186 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
0 3 /0 3 /9 6  BLANK2 BDL BIX BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
0 3 /0 3 /9 6  BLANKl BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
0 3 /0 9 /9 6  BLANKl BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
0 3 /0 9 /9 6  BLANK2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
10 /19 /95  BLANK 1 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
10 /19 /95  BLANK 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
Average 0.168 0.045 0.01
Standard deviation 0.0156 0.0084 0.0042
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APPENDIX 6: TOPOGRAPHIC MAPS
The following maps consist of sampling sites marked on USGS topographic 
maps. Sites beginning with a T or BF are sites that were established in 1989 
and some of which were resampled in October of 1995. Sites beginning with 
a S are sites sampled in 1995 and 1996. A T  in any sample name refers to a 
tributary rather than a mainstem site. Sampling sites are referred to by their 
location in kilometers as measured upstream from the mouth near Missoula (0 
km) to the source (215 km). Corresponding sites between 1989 and 1995-96 
are listed in the table below.
1 9 9 5 -1 9 9 6 1989
SAMPLE NAME SAMPLE NAME RIVER KM
SOIT T 2 1 0 .8 210 .8
S02 B F 2 n .8 211 .8
S02.5 BF209.S 209 .5
S03 BF203.3 203 .3
S04T T198.1 198.1
SOS BF193.2 193.2
S06T T 187.3 187.3
S07 185.7
SOB BF168.5 168.5
S08.5 BF1S3.3 153.3
S09 117.6
S10T 109.1
SI IT 87.1
SI 2 BF74.4 74 .4
S13T 55.8
SI 4 12.7
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APPENDIX7; SITEMAPS
The following set of maps are sketch maps of individual sites sampled in 1995- 
96. The prefixes BF and T are for 1989 sampling sites which were resampled 
in Octot)er of 1995. BF stands for the main stem of the Blackfoot River while T 
denotes a tritxjtary. Sites with the prefix S are 1995-96 samples. The sample 
names that contain a T are from a tributary and those without a T are on the 
main stem of the Blackfoot River. Areas oh the maps labeled X, Y, and Z 
represent the three samples taken at each site. Whenever possible, the 
location of each sample was maintained throughout the four sampling events. 
The Blackfoot River is a dynamic system and fine-grained sediments are 
deposited and eroded over time, making it necessary to modify the original 
location of some samples between events. If a change was made, it is marked 
on the maps. A represents the location where pH and dO meter readings 
were taken while a “O” marks the spot where the water samples were 
collected.
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APPENDIX 8: SITE DIRECTIONS
The first set of Site directions are for 1995-96 sites and the second set of site 
directions are for 1989 sampling sites. 1989 sample numbers include a 
preface for either the Blackfoot River mainstem (BF) or a tributary (T) followed 
by the river kilometer (the confluence of the Blackfoot River and the Clark Fork 
River is river km 0) for the mainstem sample or the river km where the tributary 
enters the mainstem. One-way trip (from Missoula) is about 170 km. Where 
1989 and 1995-96 sites overlap, 1995-96 samples came from the 1995-96 site 
(see Appendix 7 for exact location) which may be slightly different than the 
location description of the 1989 sampling site.
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The best way to reach the first sampling site from Missoula is to take Highway 
200 East to mile marker 88 and then use the following directions.
Station name 
SOIT
S02
S02.5T
S03
S04T
S05
S06T
Description-directions from headwaters toward mouth
Blackfoot River above Pass Creek 
On Hwy 200, travel 0.8 miles east of Mike Horse Road 
near mile marker 88. Site Is 100 yards past guardrail 
around a curve. Pull off road to right (south) and walk 30 
yards to creek.
Pass Creek near mouth
From Hwy 200, turn left (southeast)on Mike Horse Road.
Go 0.5 mile and take first right (south) onto a dirt road. This 
site Is currently being reclamated and may look slightly 
different from these directions. Drive around pile of downed 
pine trees onto a set of vehicle tracks. Tracks will fork.
Right fork (southwest) will cross creek-do not go this way. 
Take the left fork (southeast). Park at bushy tree on right 
(southwest) In a grassy area and walk 100 yards toward 
creek.
Blackfoot River and Meadow Creek confluence
From Hwy 200, turn left (south) at mile marker 87. Sample
at bridge.
Blackfoot River above Alice Creek 
From Hwy 200, take the first left (south) past Cadotte Creek 
Marsh at the end of the guardrail and before mile marker 
84. Sample at bridge.
Alice Creek near mouth
Just past mile marker 84 on Hwy 200, sample at bridge. 
Upstream side has more fine sediment.
Blackfoot River above Hogum Creek 
Just before mile marker 80 on Hwy 200, turn left (south) on 
road across from old truck trailer on right (north). The truck 
trailer marks the access to the Seven-Up Pete Joint 
Venture’s proposed cyanide heap- leach mine. Go down 
dirt road and sample at bridge.
Landers Fork near mouth 
On Hwy 200, sample at bridge.
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507 Blackfoot River below Seven-Up Pete Creek
On Hwy 200, pass 7-up Ranch. Turn left (south) on Stone 
Campbell Drive . Continue straight on Unity Road towards 
large metal bridge. This is private property so ask for 
permission in advance. Permission granted by Ted Mitchell 
(Great Falls) to drive on Stone Campbell Drive and Unity 
Road and to park by gate. Permission granted by Rhett 
Parker from the Plum Creek Timber Company to be on 
company land. Sample at bridge.
508 Blackfoot River at Dalton Mountain Road
On Hwy 200, pass High Country Beef Jerky. Turn left 
(south) on road at white truck for steakhouse. Continue on 
road until reach bridge. Sample at bridge.
S08.5 Blackfoot River near Blackfoot Canyon Campground
On Hwy 200, just past mile marker 62, turn left (south) onto 
Ogen Road Fishing Access. Sample at one lane bridge 
near Blackfoot Canyon Campground.
509 Blackfoot River at Cutoff Road near Helmville
From Hwy 200, turn left (south) at sign for Helmville 
(Route 141 ), and cross bridge. Take the first right (west) 
onto Cutoff Road which is about 1.5 miles down Route 141. 
Continue on Cutoff Road past orange mailbox to bridge. 
Sample at bridge.
S10T Nevada Creek near mouth
From site 809, cross bridge and continue on Cutoff Road to 
stop sign. Turn left (south). Cedar Meadow Fishing Access 
will be on left (east) before bridge. Cross bridge and pass 
landowner’s house directly on right (west). Site S10T is on 
this landowner's property. His name is Géne Caughflin and 
he has given us permission to sample the creek on his 
property. After passing his house, turn at first left (east) by 
haybails. Go through 4 open gates and pass hay. Follow 
vehicle tracks to fork in road. Go right at fork (southeast) 
and follow tracks and utility lines (south). Vehicle tracks 
cross under utility lines to left (east). Drive to near creek 
and park. Walk to right (south) and take footpath that 
follows creek. Will see bend with ponded water and 
meander. Walk straight on path past these features to 
where there is no backwater. Sample at creek below steep 
dropoff.
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S U T  North Fork Blackfoot R. near mouth at Ovando-Helmvllle Rd
From site S10T, retrace steps and exit property at haybails. 
Turn right (north), cross bridge and continue straight on 
road (past the stop sign on Cutoff Road where turned left to 
go from 809 to 81OT). Continue straight. Go down steep 
hill and veer to left (northwest). Sample at narrow one lane 
bridge.
812 Blackfoot River at Scotty Brown Bridge
From bridge at site 81 IT , cross bridge, go straight into 
Ovando, and then turn left (west) onto Hwy 200 at stop sign. 
At mile marker 39, turn left (south) at River Junction Fishing 
Access. Sample at bridge.
81 ST Cleanivater River near Cleanvater
From Hwy 200, turn right (north) at Clearwater Junction 
towards Seeley Lake and Glacier National Park. Turn left 
(west) at Harper Lake Fishing Access. Travel 0.9 miles on 
dirt road and veer left (southwest) at fork. Sample at 
campsite 9.
814 Blackfoot River near Bonner
From site S i ST. retrace steps to Hwy 200. Continue on 
Hwy 200 to mile marker 6. Sample on river (south side of 
highway) by guaging station.
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Sample Number Site Location
BF21.8 Johnsrud Park, along south bank, upstream from camping 
area near river.
BF74.4 Scotty Brown Bridge, along south bank, downstream from 
bridge.
T84 .0 North Fork of the Blackfoot River, Harry Morgan Fishing 
access, along both banks downstream from campground.
BF 136.9 Upstream from Avon Road Bridge, along highway on north 
side of river, at pullout area.
BF1S3.3 Upstream from Nevada-Ogden Road Bridge, along both banks 
mostly upstream from Blackfoot Canyon Campground.
BF 164.5 Along highway just downstream from Blackfoot Mine, at 
pullout area along steep road cut, above steep bank covered 
with large blocks of rock.
BF168.5 Dalton Mountain Road Bridge, upstream from bridge, on south 
side of river.
BF186.6 Behind Seven-Up Supper Club at end of dirt road on north 
bank of river, samples from upstream and downstream of this 
road on both sides of river.
T187.3 Lander’s Fork of the Blackfoot River, north of highway 200  
bridge, on east both banks.
BF 187.7 Upstream from mouth of Lander’s Fork about 500 m, both 
banks of river.
BF 188.4 At end of small dirt road leading southwest from entrance road 
to Aspen Grove Campground, along both sides of river.
BF 190.0 Aspen Grove Campground, along both sides of river upstream 
from easternmost camp sites.
T192.4 Hogum Creek, approximately 10 m upstream from bridge on 
Hogum Road, about 0 .8  km upstream from confluence with 
Blackfoot River.
BF193.2 Upstream about 20  m from Hogum Road Bridge crossing 
Blackfoot River, both sides of river.
BF196.6 Above Horsefly Creek-Flesher Lakes Road crossing, upstream 
about 30  m, along both banks.
BF 198.1 Upstream from confluence with Alice Creek about 20-30  m, 
along both sides of the creek.
T198.1 Alice Creek, upstream about 30  m from Highway 200 bridge 
crossing Alice Creek, along both sides of creek.
BF200.5 Upstream from Highway 279 ’’bridge" crossing at small 
undeveloped campground at end of dirt road, along both sides 
of river.
BF203.3 Along river just downstream from First Gulch, upstream 
about 1 0 m  from a log bridge crossing the river, short dirt 
road from Highway 200  to river, both banks.
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BF203.7 On river at pullout along Highway 200  at First Gulch, in 
swampy channel. This site is not on the active channel of the 
Blackfoot River because it has shifted to the south. Therefore, 
data from this site not used.
T206.1 Cadote Creek Road, along Cadote Creek Road where creel comes 
near road just below marsh area, about 4 0  m downstream 
from where road cuts into east slope of canyon.
BF206.8 Cadote Creek Rd (1 /3  mile east of Highway 200), both banks.
BF207.3 Below Pop's Place (now gone) along river next to small dirt 
road that loops away from Highway 2 00  towards river, highly 
eroded banks in pasture area, both banks.
BF209.5 Along river at Porcupine Gulch, Just upstream about 10 m 
from bridge on Meadow Creek Road, both banks.
BF209.8 In river directly north of Meadow Creek Canyon, access across 
swampy area from Highway 200.
T 210.0 Swamp Gulch, at small pond and outflow from Carbonate Mine 
just north of Highway 200. Sediment samples from pond, 
water samples from outflow through weir.
BF210.5 Upstream along channel from BF210.0 about 500 m, just 
below an old beaver in the marsh area upstream.
BF210.6 Channel in swamp just south of junction of Mike Horse Mine 
Road and Highway 200.
T210.6 Paymaster Creek just below tailings and outflow from 
Paymaster Mine, above small culvert where creek runs 
beneath a dirt road.
T 2 1 & 8 Pass Creek, along dirt road south of creek about 700  m 
upstream from junction with Mike Horse Mine Road.
BF211.0 In channel next to Mike Horse Mine Road, near confluence 
with Pass Creek.
BF211.2 Upstream from BF211.0 about 200  m, in channel just 
upstream of the junction between the road up Pass Creek and 
thé Mike Horse Mine Road.
BF211.8 Above Paymaster Gulch Road, a small dirt road crossing the 
river from the Mike Horse Mine Road.
T212.1 Shave Creek, at culvert on Mike Horse Mine Road.
BF212.9 Main channel along Mike Horse Mine Road about 800 m 
upstream from Shave Creek confluence.
BF213.52 Just downstream from seep at site BF213.52, below mixing 
zone of effluent and river.
T213.55A Small seep of acid mine water on east bank of river in channel 
in line with Anaconda Mine.
BF213.57 Just upstream from Anaconda Mine in line with drainage from 
mine, on east side of channel.
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T213.55B At adit above main tailings piles of Anaconda Mine, from water 
filling adit and running down slope of tailings.
T213.55C In very small, shallow pond formed at base of adit outflow 
below tailings pile at Anaconda Mine.
T213.7 Anaconda Creek, 50 -500  m upstream from Beartrap Creek.
BF214.6 In Beartrap Creek below mixing area of flow from the large 
tailings pond and Mike Horse Creek.
BF214.62 Anaconda Creek
BF214.65 Mike Horse Creek, upstream from inflow from tailings pond, 
very near confluence with Beartrap Creek.
T 215.0 Mike Horse Creek upstream from culvert beneath road to 
large tailings pond.
T 215.09 Below mixing of adit outflow from Mike Horse Mine and Mike 
Horse Creek, about 20  m downstream from adit.
T215.10 Outflow from Mike Horse Mine adit, below small v-notched 
board across flow.
T215.10 At mine
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APPENDIX 9: WATER CHEMISTRY DATA FOR 1989
Sample names beginning with a BF refer to a mainstem Blackfoot River site 
while a T denotes a tributary site. The number that follows represents the river 
kilometer where the sample was collected (215.10 is the most upstream site). 
Concentrations are in mg/l. ND = no data available.
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A 1 B 1 c D E ;...............F. , G
1 WATER CHEMISTRY DATA FOR 1989  (concentrations in mq/l )
2 Sample Name River km Sample Type Water temp (C) Water DO (m g/l) Water DO (% sat) pH *89
3 T215.10 215.1 contam. trib. ND ND ND 6.2
4 T215.10 215.1 contam. trib. ND ND ND 6.6
5 T215.09 215.09 contam. trib. ND NO ND 6.65
6 T215.0 215 contam. trib. 19 9.0 ND 7.1
7 BF214.65 214.65 main stem ND ND ND 7.3
8 T214.62 214.62 tributary ND ND ND 7.5
9 BF214.6 214.6 main stem ND NO ND 7.7
10 T213.7 213.7 tributary 12 10.4 ND 8.05
n BF213.57 213.57 main stem ND ND ND 7.2
12 T213.55B 213.55 contam trib. ND ND ND 3.4
13 T213.55C 213.55 contam. trib. ND ND IW 3.2
14 T213.55A 213.55 contam. trib. ND ND ND 4
15 BF213.52 213.52 main stem ND ND NO 7.4
16 BF212.9 212.9 main stem ND ND ND 7.3
17 T212.1 212.1 tributary 17 10.1 ND 7.85
18 BF211.8 211.8 main stem 16 10 ND 7.4
19 BF211.0 211 main stem ND ND ND 7.4
2 0 T210.8 210.8 tributary 13 10.5 ND 7.7
21 T210.6 210.6 contam. trib. ND ND ND 3.65
22 BF210.6 210.6 main stem ND ND ND 7.6
23 BF210.5 210.5 main stem ND NO ND 7.8
24 T210.0 210 contam. trib. ND ND ND 5.3
25 BF209.8 209.8 main stem ND ND NO 7.7
26 BF209.5 209.5 main stem ND ND ND 7.7
27 BF207.3 207.3 main stem 19 10 NO 7.5
28 T206.1 206.1 tributary ND ND ND 7.75
29 BF203.7 203.7 main stem ND ND ND 7.6
30 BF200.5 200.5 main stem 20 9.2 ND 7.90
31 T198.1 198.1 tributary ND ND ND 8.05
32 BF198.1 198.1 mainstem ND ND NO 7.75
33 BF196.6 196.6 main stem ND ND ND 7.65
34 BF190.0 190 main stem 15.5 11.1 ND 7.40
35 BF168.5 168.5 main stem ND ND ND 7.50
36 BF164.5 164.5 main stem ND ND ND 7.40
37 BF153.3 153.3 main stem NO ND ND 7.50
38 BF136.9 136.9 main stem ND ND ND 7.80
39 T84.0 84 tributary ND ND ND 7.30
40 BF74.4 74.4 main stem ND ND ND 7.70
41 BF21.8 21.8 main stem ND ND ND 7.80
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H 1 J K L M N 0 P Q R S
1
2 AI As Ca Cd Cu Fe Mg- Mn Ni Pb Zn Sulfate
3 0.26 <0.07 ' 310 0.046 0.11 4 9 .o n 20L j 36.8 0.16 <0.1 56.9 1550
4 0.14 <0.07 309 0.045 0.16 40.6 213 35.4 0.15 <6.1 50.6 1490
5 <0.07 <0.07 221 0.036 0.085 35.9 1 171 27.8 0.12 <0.1 41.4 1295
6 <0.07 <0.07 201 0.046 <0.01 0.1 1 145 21.4 0.093 <0.1 26.7 914
7 <0.07 <0.07 182 0.035 <0.01 0.163 146 21.0 0.090 <0.1 28.0 974
8 <0.07 <0.07 31.9 <0.01 <0.01 <0.03 17.6 0.149 <0.02 <0.1 0.037 37.3
9 <0.07 <0.07 69.0 <0.01 <0.01 0.041 49.7 5.30 0.022 <0.1 6.49 263
10 <0.07 <0.07 19.5 <0.01 <0.01 <0.03 10.0 <0.005 <0.02 <0.1 <0.005 4.70
11 0.12 <0.07 37.9 <0.01 0.011 0.047 21.7 1.46 <0.02 <0.1 1.67 94.5
12 18 <0.07 76.6 0.034 2.3 28.8 43.5 19.6 0.077 2.1 6.41 575
13 3.4 <0.07 101 0.011 0.99 6.15 31.4 13.2 0.030 0.29 3.79 396
14 3.6 <0.07 85.8 0.017 1.6 33.1 26.5 11.9 0.033 <0.1 3.67 331
15 0.19 <0.07 40.6 <0.01 <0.01 0.074 21.6 1.28 <0.02 <0.1 1.74 82.0
16 0.10 <0.07 37.0 <0.01 0.013 <0.03 22.9 1.16 <0.02 <0.1 1.36 97.4
17 <0.07 <0.07 12.9 <0.01 <0.01 <0.03 6.20 <0.005 <0.02 <0.1 0.02 4.60
18 <0.07 <0.07 27.9 <0.01 <0.01 <0.03 16.1 0.520 <0.02 <0.1 0.829 65.6
19 <0.07 <0.07 28.0 <0.01 <0.01 <0.03 16.2 0.504 <0.02 <0.1 0.903 66.1
20 <0.07 <0.07 19.0 <0.01 <0.01 <0.03 8.20 <0.005 <0.02 <0.1 <0.005 7.20
21 2.0 <0.07 5.10 <0.01 0.16 2.47 3 .60 0.282 <0.02 <0.1 0.068 53.0
22 <0.07 <0.07 27.4 <0.01 <0.01 <0,03 15.8 0.311 <0.02 <0.1 0.770 62.4
23 <0.07 <0.07 2Â 9 <0.01 <0.01 0.138 15.7 0.149 <0.02 <0.1 0.507 61.2
24 0.54 <0.07 12.T <0.01 0.13 4.69 5.60 0.945 <0.02 <0.1 0.867 50.0
25 <0.07 <0.07 26.2 <0.01 <0.01 0.036 14.8 0.157 <0.02 <0.1 0.425 62.2
26 <0.07 <0.07 25.4 <0.01 <0.01 <0.03 14.3 0.156 <0.02 <0.1 0.381 61.0
27 <0.07 <0.07 24.5 <0.01 <0.01 <0.03 13.7 0.035 <0.02 <0.1 0.217 56.4
28 <0.07 <0.07 29.7 <0.01 <0.01 <0.03 14.0 <0.005 <0.02 <0.1 <0.005 3.30
29 <0.07 <0.07 24.7 <0.01 <0.01 0.062 13.3 0.083 <0.02 <0.1 0.054 38.1
30 <0.07 <0.07 24.9 <0.01 <0.01 <0.03 13.5 0.007 <0.02 <0.1 0.072 41.6
31 <0.07 <0.07 29.4 <0.01 <0.01 6.034 12.9 <0.005 <0.02 <0.1 <0.005 3.20
32 <0.07 <0.07 24.7 <0.01 <0.01 0.061 12.8 0.026 <0.02 <0.1 0.030 28.8
33 <0.07 <0.07 28.1 <0.01 <0.01 0.037 13.3 0.009 <0.02 <6.1 0.612 16.5
34 <0.07 <0.07 27.0 <0.01 <0.01 <0.03 11.0 <0.005 <0.02 <0.1 <0.005 12.1
35 <0.07 <0.07 42.4 <0.01 <0.01 <0.03 12.3 0.006 <662 <0.1 0.064 6.11
36 <0.07 <0.07 42.8 <0.01 <0.01 <0.03 12.1 <0.005 <0.02 <0.1 <0.005 5.80
37 <0.07 <0.07 42.8 <0.01 <0.01 <0.03 12.2 <0.005 <0.02 <0.1 <0.005 6.72
38 <0.07 <0,07 41.4 <0.01 <0.01 <0.03 12.2 0.008 <0.02 <0.1 0.025 5.51
39 <0.07 <0.07 30.9 <0.01 <0.01 <0.03 12.5 <0.005 <0.02 <0.1 <0.005 4.12
4 0 <0.07 <0.07 31.6 <0.01 <0.01 <0.03 11.4 <0.005 <0.02 <0.1 <0.005 6.02
41 <0.07 <0.07 31.4 <0.01 <0.01 <0.03 10.9 <0.005 <0.02 <0.1 <0.005 5.78
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APPENDIX 10; WATER CHEMISTRY DATA FOR 1995
Water chemistry data for 1995 was collected on September 30. 1995 and 
October 1,1995. Sample names Ijeginning with a BF or T use the 1989 
sample name designation (See Appendix 9's title page). Sample names with 
the prefix S have corresponding sediment chemistry data in the following 
appendixes. Concentrations are in mg/l. ND = no data available.
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A 1...........B ......... _..c ......... D E F 1 G
1 WATER CHEMISTRY DATA FOR 1995 (concentrations In m g/l) 1
2 Sample Name River km Sample Type Water temp (C) Water DO (mg/l) Water DO (% sat) 1 pH
3 T215.0 215.0 main stem ND NO NO' 7.0
4 BF212.9 212.9 main stem NO ND ND 7.6
5 T212.1 212.1 tributary ND NO ND 7.0
6 S02/BF211.8 211.8 main stem 5.1 ND ND 8.05
7 BF211.2 211.2 main stem ND ND ND 7.2
8 BF211.0 211.0 main stem NO ND ND 7.2
9 S01T/T210.8 210.8 tributary 6.2 ND ND 7.63
10 T210.6 210.6 contam. trib. ND ND ND 3.6
11 T210.0 210.0 contam. trib. ND ND ND 7.4
12 S02.5/BF209.S 209.5 main stem 6.6 ND ND 7.99
13 BF206.8 206.8 main stem ND ND ND 7.3
14 T206.1 206.1 tributary ND ND ND 7.0
15 S03/BF203.3 203.3 main stem 7.4 ND ND 7.97
16 BF200.5 200.5 main stem ND ND ND 8.0
17 T198.1 198.1 tributary 7.0 ND ND 8.14
18 BF198.1 198.1 main stem ND ND ND 7.9
19 BF196.6 196.6 main stem ND ND ND 7.9
20 S05/BF193.2 193.2 main stem 7.2 NO NO 8.28
21 T 192.4 192.4 tributary ND NO NO 8.5
22 BF188.4 188.4 main stem ND ND NO 7.0
23 BF187.7 187.7 main stem ND NO ND 7.5
24 S06T/T187.3 187.3 tributary 7.5 ND NO 7.96
25 S08/BF 168.5 168.5 main stem 10.1 NO ND 8.36
26 BF164.5 164.5 main stem ND ND ND 7.2
27 S08.5/BF153.3 153.3 main stem 9.2 ND ND 8.42
28 8F136.9 136.9 main stem ND NO ND 7.6
29 S09 117.6 main stem 9.6 ND NO 8.42
30 S10T 109.1 tributary 9.4 NO NO 8.47
31 SI IT 87.1 tributary 9.5 ND ND 8.33
32 S12/BF74.4 74.4 main stem 6.6 ’ ND ND 8.45
33 SI 3T 55.8 tributary 10.5 ND ND 8.09
34 BF21.8 21.8 main stem ND ND ND 8.2
35 SI 4 12.7 main stem 12.0 ND ND 8.14
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H 1 J K L M N 0 P Q R S
1
2 AI As Ca Cd Cu Fe Mg Mn Ni Pb Zn Sulfate
3 <0.07 <0.07 79.2 0.047 0.057 <0.03 37.8 1.37 0.031 <0.1 12.0 278
4 <0.07 <0.07 34.8 <0.01 <0.01 <0.03 18.5 0.526 <0.02 <0.1 1.27 75.8
S <0.07 <0.07 12.8 <0.01 <0.01 <0.03 5.58 <0.005 <0.02 <0.1 0.028 5.40
6 <0.07 <0.07 27.4 <0.01 <0.01 <0.03 14.2 0.247 <0.02 <0.1 1.19 65.0
7 <0.07 <0.07 28.9 <0.01 <0.01 0.048 14.8 0.263 <0.02 <0.1 1.10 68.2
8 <0.07 <0.07 28.6 <0.01 <0.01 0.067 14.7 0.300 <0.02 <0.1 1.13 68.4
9 <0.07 <0.07 21.0 <0.01 <0.01 <0.03 8.05 <0.005 <0.02 <0.1 <0.005 6.00
10 2.28 <0.07 6.20 <0.01 0.203 5.5 3.93 0.376 <0.02 <0.1 0.091 87.8
11 <0.07 <0.07 27.8 <0.01 <0.01 0.153 7.68 0.169 <0.02 <0.1 0.030 24.1
12 <0.07 <0.07 25.9 <0.01 <0.01 0.048 13.1 0.233 <0.02 <0.1 0.648 63.6
13 <0.07 <0.07 27.4 <0.01 <0.01 0.046 13.8 0.091 <0.02 <0.1 0.475 66.4
14 <0.07 <0.07 30.9 <0.01 <0.01 <0.03 13.2 <0.005 <0.02 <0.1 0.006 3 .50
15 <0.07 <0.07 26.2 <0.01 <0.01 0.060 12.6 0.074 <0.02 <0.1 0.118 38.8
16 <0.07 <0.07 26.9 <0.01 <0.01 0.032 12.7 <0.005 <0.02 <0.1 0.096 38.3
17 <0.07 <0.07 33.7 <0.01 <0.01 0.068 13.1 <0.005 <0.02 <0.1 0.009 3.40
18 <0.07 <0.07 31.6 <0.01 <0.01 <0.03 13.2 <0.005 <0.02 <0.1 0.022 13.1
19 <0.07 <0.07 31.5 <0.01 <0.01 <0.03 13.5 <0.005 <0.02 <0.1 0.027 13.9
20 <0.07 <0.07 31.0 <0.01 <0.01 <0.03 12.8 <0.005 <0.02 <0.1 0.013 13.2
21 <0.07 <0.07 25.5 <0.01 <0.01 0.183 7.93 0.023 <0.02 <0.1 0.014 6.80
22 <0-07 <0.07 31.2 <0.01 <0.01 <0.03 12.7 <0.005 <0.02 <0.1 0.023 13.0
23 <0.07 <0.07 39.2 <0.01 <0.01 <0.03 13.1 <0.005 <0.02 <0.1 0.013 3.60
24 <0.07 <0.07 42.8 <0.01 <0.01 <0.03 13.9 <0.005 <0.02 <0.1 <0.005 3.70
25 <0.07 <0.07 49.3 <0.01 <0.01 <0.03 14.1 <0.005 <0.02 <0.1 0.014 7.25
26 <0.07 <0.07 49.3 <0.01 <0.01 <0.03 14.1 <0.005 <0.02 <0.1 0.014 6.90
27 <0.07 <0.07 48.4 <0.01 <0.01 <0.03 13.8 <0.005 <0.02 <0.1 0.021 6.20
28 <0.07 <0.07 47.1 <0.01 <0.01 <0.03 14.1 0.006 <0.02 <0.1 0.029 6.40
29 <0.07 <0.07 46.7 <0.01 <0.01 <0.03 14.1 0.012 <0.02 <0.1 0.009 ND
30 <0.07 <0.07 55.6 <0.01 <0.01 <0.03 14.5 0.009 <0.02 <0.1 0.009 30.5
31 <0.07 <0.07 35.3 <0.01 <0.01 0.039 14.3 0.007 <0.02 <0.1 0.008 7.95
32 <0.07 <0.07 38.4 <0.01 <0.01 0.048 13.9 0.007 <0.02 <0.1 0.017 7.90
33 <0.07 <0.07 21.1 <0.01 <0.01 <0.03 6.53 <0.005 <0.02 <0.1 <0.005 1.90
34 <0.07 <0.07 38.8 <0.01 <0.01 <0.03 13.5 <0.005 <0.02 <0.1 0.014 7.10
35 <0.07 <0.07 37.4 <0.01 <0.01 <0.03 13.1 <0.005 <0.02 <0.1 0.012 6.50
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APPENDIX 11 : SEDIMENT CHEMISTRY DATA FOR 1989
The first 8 digits of the Sample Name is the date on which the sample was 
collected. The second part begins with a BF or a T to denote a mainstem or 
tributary sample, resepctiveiy. The number that follows represents the river 
kilometer where the sample was taken (river kilometer 0 is at the confluence 
with the Clark Fork River). The suffix LD refers to a laboratory duplicate 
analysis on the ICAPES while the suffix DD means that more than one 
digestion was completed on that sample. In the Type column, 0 = a main stem 
sample and 1 = a tributary sample. ND = no data available. Total weight and 
sample weight are reported in grams. The Dilution Factor was calculated by 
dividing the total weight by the sample weight and then multiplying by 100.
For each element that was analyzed, the data is reported in two columns; one 
for main stem samples and one for tributary samples. A means that the 
sample was oversaturated and had to be further diluted to obtain a 
concentration for that element.
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A B _ c D E F
1 SEDIMENT CHEMISTRY DAIfA FOR 1989 (concentrations in ppm)
2 Sample name River km Type Water pHWater temp (C) Water dO (mg/l)
4
5 11/04/95 T215.0 diluted 215.0 1 7.1 19 9.0
6 11/04/95T215.0 215.0 ' 1 - 7.1 19 9.0
7 11/05/95 T213.7 213.7 1 8.05 12 10.4
8 11/04/95 T212.1 212.1 1 7.85 17 10.1
9 n /0 4 /9 5  BF211.8 211.8 0 7.40 16 10
10 11/04/95T210.8 210.8 1 7.70 13 10.5
11 11/04/95T210.0 210.0 1 5.30 ND ND
12 11/04/95 T210.0LD 210.0 1 5.30 " ND ND
13 11/04/95BF207.3 207.3 0 7.50 19 10
14 11/04/95 T206.1 206.1 1 7.75 ND ND
15 11/05/95BF203.3 203.3 0 ND ND ND
16 11/05/95BF203.3 LD 203.3 0 ND ND ND
17 11/04/95 BF200.5 200.5 0 7.90 20 9.2
18 11/04/95 T199.8 199.8 1 ND ND ND
19 11/04/95 BF198.1 198.1 0 7.75 ND ND
20 11/04/95 T198.1 198.1 1 8.05 ND ND
21 11/05/95T198.1 DD 198.1 1 8.05 ND ND
22 11/04/95 BF196.6 196.6 0 7.65 ND ND
23 11/05/95 T196.6 196.6 1 ND ND ND
24 11/05/95T196.0 196.0 1 ND ND ND
25 11/04/95BF193.2 193.2 0 ND ND ND
26 11/04/95 BF192.4 192.4 0 ND ND ND
27 11/05/95 BF190.0 190.0 0 7.40 15.5 11.1
28 11/04/95 BF188.4 188.4 0 ND ND ND
29 11/05/95BF188.4DD 188.4 0 ND ND ND
30 11/04/95BF187.7 187.7 0 7.8 ND ND
31 11/05/95 T187.3 187.3 1 ND ND ND
32 11/04/95BF186.6 186.6 0 8.0 9 11.6
33 11/05/95 BF186.6 DD 186.6 0 8.0 9 11.6
34 11/05/95 T186.5 115.6 1 7.6 NO ND
35 11/04/95BF168.5 168.5 0 7.50 ND ND
36 11/04/95 BF168.5 DD 168.5 0 7.50 ND ND
37 11/04/95 BF164.5 164.5 0 7.40 ND ND
38 11/04/95 BF153.3 153.3 0 7.50 ND ND
39 11/04/95 BF153.3 DD 153.3 0 7.50 ND ND
40 11/04/95 BF136.9 136.9 0 7.80 ND ND
41 11/05/95BF136.9DD 136.9 0 7.80 ND NO
42 11/04/S5BF74.4 74.4 0 7.70 ND ND
43 11/04/95 BF21.8 21.8 0 7.80 ND ND
44 11/04/95BF21.8LD 21.8 0 7.80 ND ND
45 11/04/95 BF21.8LD 21.8 0 7.80 ND ND
46 11/04/95 BF21.8 LD 21.8 0 7.80 ND ND
47 11/04/95BF21.8LD 21.8 0 7.80 ND ND
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G H 1 J L M 0
1
2 Water dO (% sat)Total weightSample weight Dilution Factor AI main AI trib As main
4
5 ND 50.08 0.5021 997.4 9500
6 ND 50.08 0.5021 99.74 8700
7 ND 50.23 0.5026 99.94  ̂7100
8 ND 50.18 0.4983 100,7 M2000
9 ND 50.87 0.4981 102.1 17000 350
10 ND 50.09 0.5019 99.80 7800
11 ND 50.01 0.4975 n 100.5 1400
12 ND 50.01 0.4975 100.5 1400
13 ND 50.12 0.4989 100.5 21000 42
14 ND 50.22 0.4997 100.5 11000
15 ND 50.04 0.5007 99.94 6300 34
16 ND 50.04 0.5007 99.94 6300 34
17 ND 50.06 0.5050 99.13 5200 17
18 ND 50.15 0.4979 100.7 6000
19 ND 50.28 0.4979 101.0 5500 31
20 ND 50.06 0.5013 99.86 5900
21 ND 50.08 0.5007 100.0 5200
22 ND 50.00 0.5019 99.62 5600 10
23 ND 50.01 0.5031 99.40 7300
24 ND 50.36 0.5016 100.4 8100
25 ND 50.06 0.4967 100.8 4600 18
26 ND 50.27 0.5007 100.4 7600 13
27 ND 50.72 0.5015 101.1 5400 11
28 ND 50.01 0.4995 100.1 4900 12
29 ND 50.00 0.5021 99.58 4900 12
30 ND 50.05 0.5039 99.33 ■ 5100 12
31 ND 50.25 0.5038 99.74 8700
32 ND 50.10 0.4995 100.3 4500 13
33 ND 50.11 0.4965 100.9 4200 11
34 ND 50.12 0.4965 100.9 8800
35 ND 50.23 0.4987 100.7 4800 16
36 ND 50.08 0.4978 100.6 5300 16
37 ND 50.04 0.5031 99.46 3400 12
38 ND 50.09 0.5002 100.1 5600 15
39 ND 50.34 0.5018 100.3 4300 12
40 ND 50.75 0.4954 102.4 3800 11
41 ND 50.15 0.5023 99.84 3800 BDL
42 ND 50.88 0.5042 100.9 5700 18
43 ND 50.60 0.4985 101.5 4900 8.8
44 ND 50.60 0.4985 101.5 4900 8.5
45 ND 50.60 0.4985 101.5 4900 12
46 ND 50.60 0.4985 101.5 4900 9.2
47 ND 50.60 0.4985 101.5 4900 12
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P R S U V X Y AA AS AD
1
2 As trib Ca main Ca trib Cd main Cd trib Co mainCo tribCu main Cu trib Fe main
4
5 200 5700 330 45.7 12000
6 it 4900 * 40.1 11200
7 22 11000 <1 5.59 76.3
8 27 5400 8.1 20.1 948
9 10000 130 49.6 4500 150000
10 18 6600 1.7 7.23 70.4
11 160 300 <1 <3 734
12 160 300 <1 <3 736
13 4800 8.4 47.1 1410 55000
14 17 6600 <1 6.16 47.3
15 9500 23 47.4 287 42000
16 9400 23 46.0 296 42000
17 7000 8.1 16.3 137 17000
18 45 6600 <1 17.4 92.2""
19 6900 6.3 18.4 147 26000
20 9.3 6500 <1 7.87 72.7
21 11 6500 <1 7.92 71.7
22 5700 2 .5 11.8 108 15000
23 <7 18000 <1 3.82 62.9
24 7.1 8400 <1 7.97 28.7“"
25 7100 3.9 12.8 86.8 20000
26 7900 <1 9.43 26.1 14000
27 5900 3.2 10.6 94.2 16000
28 6600 3.0 9.70 76.3 16000
29 6800 3.1 9.93 81.3 16000
30 6400 1.7 9.98 83.7 15000
31 32 16000 <1 8.66 42.8
32 23000 <1 6.33 34.8 12000
33 22000 <1 5.82 34.5 11000
34 17 6800 <1 8.22 28.9
35 20000 <1 7.01 45.3 12000
36 21000 <1 7.20 46.5 13000
37 23000 <1 5.48 44.3 9600
38 21000 <1 6.84 42.6 13000
39 21000 <1 6.45 43.1 11000
40 19000 <1 5.56 35.9 9400
41 19000 <1 5.84 36.8 9600
42 37000 <1 5.34 29.7 13000
43 29000 <1 5.45 26.6 9700
44 29000 <1 5.27 30.5 9800
45 30000 <1 5.29 28.0 9800
46 1 30000 <1 5.27 27.0 9900
47 1 29000 <1 5.23 30.1 9800
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AE AG AH AJ AK AM AN AP AQ AS AT
1 1
2 Fe trib Mg main Mg trib Mn main Mn trib Na main Na trib Ni main Ni trib P main Ptrib
4
5 330000 1100 7990 <10 98 : 900
6 * 940 7270 27 88 *
7 12000 4000 597 62 9.3 1000
8 19000 3800 1210 45 21 900
9 4600 23000 47 74 1000
10 12000 4100 386 50 12 900
11 140000 37 22.0 660 <2 400
12 140000 33 20.7 660 <2 400
13 3500 4690 55 48 1000
14 14000 4000 494 37 11 900
15 4400 17100 42 37 1000
16 4400 16500 42 35 1000
17 3000 3440 48 26 1000
18 36000 2700 3130 34 13 900
19 2800 3640 50 20 1000
20 16000 4000 472 47 11 1000
21 15000 3500 483 42 12 900
22 3000 815 42 15 1000
23 7400 3200 590 90 8.2 1000
24 11000 1800 1080 77 13 900
25 2800 r2360 52 15 1000
26 3500 1190 96 30 1000
27 2900 914 51 16 1000
28 2900 760 57 15 1000
29 2900 765 57 14 1000
30 2900 884 48 13 1000
31 16000 6400 ‘1480 92 9.7 900
32 6900 776 51 8.1 900
33 6700 749 46 7.5 800
34 14000 3500 386 70 32.4 1000
35 6800 856 50 8.8 900
36 7200 869 54 9.5 900
37 6800 450 40 6.5 900
38 7800 553 52 9.2 900
39 6600 557 46 8.2 900
40 6400 444 39 6.4 900
41 6300 455 40 7.1 900
42 6600 306 64 7.7 800
43 6200 462 57 7.5 900
44 6200 458 54 7.9 900
45 6200 449 57 7.6 900
46 6200 462 58 7.5 900
47 6200 445 56 7.2 900
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AV AW AY AZ 88 BC BE BF BH Bl
1
2 Pb main Pb trib Sr main Sr trib Ti main Ti trib Zn main Zn trib K main K trib
4
5 3500 35.9 23.6 153000 <300
6 3000 33.9 22.4 * <300
7 57 38.5 92.3 108 805
8 280 23.8 184 1700 923
9 4500 31.3 92.2 31300 794
10 97 21.9 150 354 788
11 14000 9.04 55.2 191 6100
12 14000 9.02 55.5 192 6050
13 160 27.6 173 3040 984
14 34 19.4 147 66.7 695
15 220 24.1 113 4730 659
16 220 23.9 112 4740 654
17 110 26.4 100 2420 520
18 41 28.8 118 152 532
19 120 33.6 109 1760 644
20 23 16.9 136 61.5 782
21 23 16.4 139 56.5 685
22 53 20.8 136 734 584
23 18 60.2 116 69.4 ^718
24 29 271 101 66.4 735
25 51 ' 31.2 112 1440 781
26 24 157 98.8 60.7 872
27 54 32.0 122 969 640
28 44 34.8 119 1030 711
29 45 34.9 122 1050 725
30 45 34.7 116 618 625
31 69 19.0 233 105 1170
32 29 24.0 106 228 657
33 26 23.8 103 213 579
34 21 95.3 109 54.5 844
35 30 24.6 116 109 659
36 31 24.7 124 114 725
37 24 23.6 90.2 103 502
38 25 24.1 120 101 783
39 23 24.0 104 96.0 624
40 19 19.7 87.7 68.2 496
41 21 20.0 100 67.9 486
42 26 30.7 125 62.5 774
43 23 30.3 111 54.6 702
44 23 30.1 111 57.2 685
45 24 29.6 110 75.5 712
46 21 30.1 111 56.3 709
47 22 29.5 109 58.3 712
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APPENDIX 12: SEDIMENT CHEMISTRY DATA FOR AUGUST 1995
The first 8 digits of the Sample Name is the date on which the sample was 
collected. The second part t)egins with a S and refers to the sample site. Site 
names that contain a T are tributary sites and those without a T are mainstem 
sites. The suffixes x, y, and z represent triplicates collected at each site (See 
Appendix 8 for exact locations). Samples ending in LD are laboratory 
duplicates (i. e. duplicate ICAPES analyses were completed on that sample.
DD refers to a duplicate digest meaning that more than one digestion was 
done on that sample. River kilometer 215.0 is at the headwaters and river 
kilometer 0 is at the confluence with the Clark Fork River. In the Type column,
0 = a main stem sample and 1 = a  tributary sample. Total weight and sample 
weight are reported in grams. The Dilution Factor was calculated by dividing 
the total weight by the sample weight and then multiplying by 100. For each 
element that was analyzed, the data is reported In two columns: one for main 
stem samples and one for tributary samples.
One temperature and one pH reading were taken Instream at each site by 
an Orion® model 230A meter. It was calibrated at the beginning of the day 
using pH 4, 7, and 10 buffer solutions which were prepared one day before 
sampling. The electrode was stored in ambient stream water between sites. 
Half way through the day. the buffer solutions were measured to check the 
calibration of the meter; it was recalibrated if the readings were not within 10%.
Temperature and dissolved oxygen (dO) were measured at each site by a 
Model 820 Orion® oxygen meter. The dO meter was turned on half an hour 
before the first measurement was to be taken. After the half hour waiting 
period, the meter was autocalibrated and the same calibration was used for 
the entire day.
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A B C 1 D E F G H _
1 SEDIMENT CHEMISTRY DATA FOR AUGUST 1995 (concentrations in ppm)
2 Sample Name River km Type Water pH Water temp (C) Water DO (mg/l) Water DO (% sat) Total weight
4
5 08 /12 /95  S01TX 210.8 1 7.23 7.6 9.2 94 50.21
6 08/12/95 S01TY 210.8 1 7.23 7.6 9.2 94 50.07
7 08/12/95 S01TZ 210.8 1 7.23 7.6 9.2 94 50.10
8 08/12/95 S02X 211.8 0 6.42 7.8 9.5 99 50.19
9 08/12/95 S02Y 211.8 0 6.42 7.8_ . 9.5 99 50.08
10 08/12/95 S02Z 211.8 0 6.42 7.8 9.5 99 50.21
11 08 /12 /95  S02ZLD 211.8 0 6.42 7.8 9.5 99 50.21
12 08/12/95 S02.5X 209.5 0 7.19 9.6 9.2 100 50.31
13 08/12/95 S02.5Y 209.5 0 7.19 9.6 9.2 100 50.06
14 08 /12 /95  302.52 209.5 0 7.19 9.6 9.2 100 50.01
15 08/12/95 S03X 203.3 0 7.46 11.9 9.2 104 50.14
16 08 /12 /95  S03XLD 203.3 0 7.46 11.9 9.2 104 50.14
17 08 /12/95 S03Y 203.3 0 7.46 11.9 9.2 104 50.10
18 08/12/95 S03Z 203.3 0 7.46 11.9 9.2 104 50.11
19 08 /12 /95  S04TX 198.1 1 7.85 10.4 9.2 100 50.20
20 08/12/95 S04TY 198.1 1 7.85 10.4 9.2 100 50.11
21 08/12/95 S04TZ 198.1 1 7.85 10.4 9.2 100 50.21
22 08/12/95 S05X 193.2 0 7.95 11.9 9.2 105 50.22
23 08/12/95 S05Y 193.2 0 7.95 11.9 9.2 105 50.18
24 08/12/95 S05Z 193.2 0 7.95 11.9 9.2 105 50.04
25 08/12/95 S06TX 187.3 1 7.42 9.4 7.8 80 50.23
26 08/12/95 S06TY 187.3 1 7.42 9.4 7.8 80 50.08
27 08/12/95 S06TZ 187.3 1 7.42 9.4 7.8 80 50.12
28 08/12/95 S07X 185.7 0 7.98 13.5 9.2 106 50.03
29 08/12/95 S07Y 185.7 0 7.98 13.5 9.2 106 50.38
30 08/12/95 S07Z 185.7 0 7.98 13.5 9.2 106 50.14
31 08/12/95 S08X 168.5 0 7.94 14.8 9.0 107 50.05
32 08 /12 /95  S08Y 168.5 0 7.94 14.8 9.0 107 50.15
33 08 /12 /95  S082 168.5 0 7.94 14.8 9.0 107 50.02
34 08 /12/95 S08ZDD 168.5 0 7.94 14.8 9.0 107 50.04
35 08 /12/95 S08.5X 153.3 0 8.00 14.1 9.3 107 50.08
36 08/12/95 S08.5Y 153.3 0 8.00 14.1 9.3 107 50.07
37 08 /12/95 S08.5Z 153.3 0 8.00 14.1 9.3 107 50.07
38 08 /12/95 S09X 117.6 0 8.15 16.1 8.7 104 50.00
39 08/12/95 S09Y 117.6 0 8.15 16.1 8.7 104 50.06
40 08/12/95 S09Z 117.6 0 8.15 16.1 8.7 104 50.20
41 08/12/95 S10TX 109.1 1 8.77 18.7 13.3 166 50.35
42 08 /12 /95  S10TXDO 109.1 1 8.77 18.7 13.3 166 50.05
43 08 /12 /95  S10TY 109.1 1 8.77 18.7 13.3 166 50.07
44 08 /12/95 S10TZ 109.1 1 8.77 18.7 13.3 166 50.09
45 08 /13/95 S11TX 87.1 1 8.07 9.3 10.0 103 50.00
46 08 /13/95 S11TY 87.1 1 8.07 9.3 10.0 103 50.10
47 08 /13/95 S11TZ 87.1 1 8.07 9.3 10.0 103 50.76
48 08 /13/95 S12X 74.4 0 8.32 10.3 10.0 104 50.07
49 08 /13 /95  S12XLD 74.4 0 8.32 10.3 10.0 104 50.07
50 08 /13 /95  S12XLD 74.4 0 8.32 10.3 10.0 104 50.07
51 08 /13 /95  S12XLD 74.4 0 8.32 10.3 10.0 104 50.07
52 08 /13 /95  S12Y 74.4 0 8.32 10.3 10.0 1 104 50.07
53 08 /13 /95  SI 2Z 74.4 0 ^ 8 .3 2 10.3 10.0 104 50.00
54 08 /13 /95  S13TX 55.8 1 8.26 15.3 7.8 91 50.63
55 08 /13 /95  S13TY 55.8 1 8.26 15.3 7.8 91 50.12
56 08 /13 /95  S13TZ 55.8 1 8.26 1S.3 7.8 91 50.02
57 08 /13 /95  S14X 12.7 0 8.10 15.3 8.9 102 50.04
58 08 /13 /95  S14Y 12.7 0 8.10 15.3 8.9 102 50.20
59 08 /13 /95  S14YDD 12.7 0 8.10 15.3 8.9 102 50.04
60 08 /13 /95  S14Z 12.7 0 8.10 15.3 8.9 102 50.12
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1 J L 1 M 0 P R S U V X Y
1
2 Sample weight Dilution Factor AI main AI trib As main As trib Ca main Ca trib Cd main Cdtrib Co main Co trib
4
5 0.5028 99.86 10000 52 7800 2.6 15.0
6 0.4993 100.3 11000 40 8600 2.3 13.7
7 0.4979 100.6 11000 62 7600 2.3 14.7
8 0.5041 99.56 10000 240 6700 52 37.4
9 0.5003 100.1 12000 240 7000 44 31.7
10 0.4983 100.8 8900 250 7900 47 35.5
11 0.4983 100.8 8500 260 7900 48 35.0
12 0.5003 100.6 15000 54 4700 21 30.0
13 0.4988 100.4 17000 86 5600 42 59.6
14 0.4979 100.4 27000 82 6000 48 50.9
15 0.5007 100.1 7100 45 7000 32 46.1
16 0.5007 100.1 7100 42 7000 32 45.9
17 0.5020 99.80 6100 28 4700 20 26.2
18 0.5012 100.0 5500 19 5500 12 23.2
19 0.5008 100.2 5900 9.1 7000 <1 9.07
20 0.4994 100.3 5800 16 7100 <1 9.94
21 0.5016 100.1 4600 11 6300 <1 8.05
22 0.4988 100.7 6800 16 6000 2.5 11.6
23 0.5000 100.4 6400 26 7100 3.5 13.7
24 0.5003 100.0 5100 20 6300 3.1 10.9
25 0.4951 101.5 3800 17 36000 <1 5.60
26 0.5031 99.54 4500 9.3 33000 <1 5.40
27 0.4996 100.3 4500 13 32000 <1 5.75
28 0.5016 99.74 5400 11 29000 <1 7.12
29 0.4958 101.6 4600 16 26000 <1 6.79
30 0.5049 99.31 4000 16 32000 <i 5.33
31 0.4975 100.6 5600 19 22000 <1 7.26
32 0.4979 100.7 4500 16 24000 <1 6.68
33 0.5030 99.44 5400 10 21000 <1 6.38
34 0.4994 100.2 5900 18 23000 <1 6.86
35 0.4991 100.3 5700 17 21000 <1 7.17
36 0.4980 100.5 5100 15 21000 <1 6.79
37 0.5045 99.25 4500 14 • 21000 <1 6.52
38 0.5015 99.70 5100 13 20000 <1 6.66
39 0.5012 99.88 4600 13 21000 <1 6.11
40 0.4990 100.6 5500 14 22000 <1 6.84
41 0.5043 99.84 7500 15 12000 <1 7.74
42 0.5043 99.25 6900 17 12000 <1 7.70
43 0.4987 100.4 7900 11 13000 <1 7.58
44 0.5034 99.50 6500 <7 15000 <1 6.00
45 0.4992 100.2 6300 15 28000 <1 6.27
46 0.5021 99.78 4700 13 29000 <1 5.08
47 0.5026 101.0 5500 13 28000 <1 5.72
48 0.4993 100.3 5500 12 19000 <1 5.61
49 0.4993 100.3 5300 15 19000 <1 5.74
50 0.4993 100.3 5500 14 19000 <1 6.02
51 0.4993 100.3 5400 13 19000 <1 5.63
52 0.4995 100.2 4400 11 20000 <1 4.96
53 0.4966 100.7 4100 11 18000 <1 4.96
54 0.4982 101.6 6700 10 7700 <1 3.52
55 0.5044 99.37 8200 8.5 7600 <1 3.31
56 0.4953 101.0 8400 7.4 6100 <1 4.17
57 0.5015 99.78 4200 8.8 30000 <1 5.25
58 0.4974 100.9 5600 10 28000 <1 5.99
59 0.4975 100.6 5000 12 28OO0 <1 5.76
60 0.5035 99.54 4100 11 27000 <1 4.77
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AA AS AD AE AG AH AJ AK AM AN AP 1 AQ
1
2 Cu main Cutiib Fe main Fe trib Mg main Mg trib Mnmain Mntrib Na main Natrib Ni main NI trib
4
5 76.4 24000 5400 1790 52 16
6 71.6 25000 6000 2140 61 16
7 14.7 26000 5700 1730 61 17
8 2180 83000 4600 10000 51 43
9 2060 85000 5700 7560 48 38
10 2150 87000 5100 8410 44 37
11 2150 88000 4900 8340 45 38
12 935 55000 3700 3300 37 27
13 1600 69000 3100 7940 42 44
14 2460 110000 3000 7180 36 39
15 304 59000 3200 19400 43 36
16 304 59000 3200 19300 43 37
17 183 30000 2500 9780 36 29
18 160 29000 3000 6710 36 20
19 72.5 21000 4300 851 43 13
20 77.0 20000 4100 892 SO 13
21 63.0 15000 3500 793 43 11
22 103 23000 3600 978 51 17
23 87.5 27000 3700 1790 62 19
24 73.7 19000 3300 1320 57 16
25 28.2 12000 8700 468 45 7.4
26 28.7 13000 9200 408 45 7.7
27 27.6 12000 9000 439 45 8.3
28 38.5 16000 8700 638 52 11
29 38.9 14000 7400 593 51 10
30 27.7 13000 8600 429 49 8.7
31 45.7 15000 8100 803 58 11
32 43.6 13000 7600 536 55 10
33 42.1 14000 8300 473 52 9.9
34 43.2 16000 8700 508 56 12
35 43.9 15000 8100 686 57 11
36 39.7 13000 7800 514 62 11
37 38.1 13000 7300 773 52 9.3
38 41.3 12000 7100 550 52 10
39 36.4 12000 7100 434 53 9.6
40 38.5 14000 7900 616 64 11
41 28.0 14000 8000 527 150 14
42 26.6 14000 7600 517 ISO 13
43 24.4 14000 7300 509 170 16
44 18.8 11000 5300 943 170 13
45 38.9 13000 11000 598 73 9.0
46 31.2 11000 8700 651 68 7.4
47 37.0 12000 10000 454 70 8.4
48 29.1 12000 6800 497 59 8.8
49 27.9 13000 6700 503 62 9.6
50 28.5 13000 6800 500 61 9.2
51 27.7 13000 6800 499 61 9.1
52 21.7 10000 6000 351 53 7.8
53 25.2 10000 5900 406 S3 6.8
54 15.4 11000 3700 273 49 8.1
55 15.7 8500 4100 364 45 8.5
56 14.4 11000 4200 359 40 8.9
57 24.9 11000 6500 404 63 7.8
58 26.4 13000 7600 373 77 8.8
59 25.7 12000 7200 374 74 8.3
60 20.5 11000 6500 306 60 7.7
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AS AT AV AW AY AZ 88 8C BE 8F 8H 81
1
z P main Ptrib Pb main Pb trib Sr main Srtrib Ti main Ti trib Zn main Zn trib K main Ktrib
4
5 1000 150 25.0 153 357 968
6 1000 140 28.5 157 344 1250
7 1000 140 25.1 160 328 1060
8 1000 4700 19.4 135 13700 973
9 900 4900 21.0 163 11600 1140
10 900 5000 18.2 139 M 2 0 0 0 819
11 1000 4800 18.0 136 11700 832
12 1000 1000 21.1 154 4720 771
13 1000 1300 23.7 149 9520 765
14 1000 1700 26.9 118 11100 548
15 2000 230 23.3 113 6870 830
16 2000 230 23.3 113 6840 826
17 900 150 18.6 135 4690 691
18 700 120 15.0 107 2640 554
19 900 24 18.9 146 59.3 809
20 800 26 18.3 143 57.5 804
21 800 21 15.2 129 47.9 609
22 1000 50 26.4 135 922 795
23 1000 56 29.6 146 1460 960
24 1000 49 24.6 145 1080 761
25 600 19 24.8 84.3 41.7 546
26 600 26 24.0 94.8 45.4 671
27 600 22 23.5 92.2 43.5 560
28 700 27 27.0 101 290 803
29 700 28 24.8 95.0 312 676
30 900 19 24.6 93.5 201 680
31 800 29 26.6 114 161 792
32 800 26 24.6 104 168 615
33 800 25 24.3 111 156 751
34 900 27 25.7 124 164 843
35 800 26 23.5 118 130 763
36 800 25 22.3 114 125 704
37 800 24 23.1 101 119 599
38 700 27 26.1 103 82.3 644
39 800 22 25.7 106 75.6 589
40 800 24 26.8 1 121 86.4 731 ■
41 600 22 49.2 113 47.7 1640
42 600 21 48.8 113 45.8 1600
43 800 21 62.5 136 49.7 1780
44 1000 16 75.9 126 41.7 1590
45 700 27 22.2 115 47.7 740
46 700 21 21.7 109 40.0 666
47 700 22 21.4 112 43.7 693
48 800 19 23.2 111 58.4 730
49 900 18 23.2 111 58.0 798
50 900 20 23.2 111 61.2 789
51 800 19 23.2 110 57.8 775
52 800 14 22.4 103 48.1 620
53 800 18 20.9 97.4 49.8 576
54 1000 20 14.7 92.5 35.4 687
55 1000 20 14.4 82.2 32.9 620
56 800 20 12.4 79.1 33.0 485
57 800 17 30.2 100 53.0 641
58 900 18 30.1 119 59.8 937
59 900 18 29.7 111 57.3 891
60 900 15 27.0 101 46.7 564
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APPENDIX 13: SEDIMENT CHEMISTRY DATA FOR OCTOBER 1995
The first 8 digits of the Sample Name is the date on which the sample was 
collected. The second part b e g in s  with a S and refers to the sample site. Site 
names that contain a T are tributary sites and those without a T are mainstem 
sites. The suffixes x, y, and z represent triplicates collected at each site (See 
Appendix 8 for exact locations). Samples ending in LD are laboratory 
duplicates (i. e. duplicate ICAPES analyses were completed on that sample). 
DD refers to a duplicate digest meaning that more than one digestion was 
done on that sample. River kilometer 215.0 is at the headwaters and river 
kilometer 0 is at the confluence with the Clark Fork River. In the Type column,
0 = a main stem sample and 1 = a tributary sample. ND = no data was 
collected at that site. Total weight and sample weight are reported in grams. 
The Dilution Factor was calculated by dividing the total weight by the sample 
weight and then multiplying by 100. For each element that was analyzed, the 
data is reported in two columns: one for main stem samples and one for 
tributary samples.
One temperature and one pH reading were taken instream by an Orion®
model 230A meter. It was calibrated at the beginning of the day using pH 4, 7, 
and 10 buffer solutions which were prepared one day t)efore sampling. The 
electrode was stored in ambient stream water between sites. Half way through 
the day, the buffer solutions were measured to check the calibration of the 
meter. The meter was recalibrated only if the readings were not within 10%.
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A B c D E F G
1 SEDIMENT CHEMISTRY DATA FOR OCTOBER 1995
2 Sample Name River km Type Water pH Water temp (C) Water DO (m g/l) Water DO (%  sat)
4
5 0 9 /3 0 /9 5  T215.0 215.0 1 7.0 ND NO NO
6 0 9 /3 0 /9 5  T215.0 DD 215.0 1 7.0 ND ND ND
7 0 9 /3 0 /9 5  BF212.9 212.8 0 7.6 ND NO ND
8 0 9 /3 0 /9 5  S01TX 210.8 1 7.63 6.2 ND NO
9 0 9 /3 0 /9 5  S01TY 210.8 1 7.63 6.2 ND ND
10 0 9 /3 0 /9 5  S01TZ 210.8 1 7.63 6.2 NO NO
11 0 9 /3 0 /9 5  S01T2 LD 210.8 1 7.63 6.2 NO NO
12 0 9 /3 0 /9 5  S01TZ LD 210.8 1 7.63 6.2 NO ND
13 0 9 /3 0 /9 5  S01TZ LD 210.8 1 7.63 6.2 NO ND
14 0 9 /3 0 /9 5  S02X 211.8 0 8.05 6.1 ND ND
15 0 9 /3 0 /9 5  S02Y 211.8 0 8.05 6.1 NO ND
16 0 9 /3 0 /9 5  S02Z 211.8 0 8.05 6.1 NO ND
17 0 9 /3 0 /9 5  BF211.2 211.2 0 7.2 ND NO NO
18 0 9 /3 0 /9 5  BF211.0 211.0 0 7.2 ND NO ND
19 0 9 /3 0 /9 5  T210.6 210.6 1 3.6 ND NO NO
20 0 9 /3 0 /9 5  T210.0 210.0 1 7.4 ND NO NO
21 0 9 /3 0 /9 5  S02.5X 209.5 0 7.99 6.6 NO NO
22 0 9 /3 0 /9 5  S02.5Y 209.5 0 7.99 6.6 NO NO
23 0 9 /3 0 /9 5  S02.5Z 209.5 0 7.99 6.6 ND NO
24 0 9 /3 0 /9 5  BF206.8 206.8 0 7.3 ND NO ND
25 0 9 /3 0 /9 5  T206.1 206.1 1 7.0 ND ND ND
26 0 9 /3 0 /9 5  T206.1 DD 206.1 1 7.0 ND NO ND
27 0 9 /3 0 /9 5  S03X 203.3 0 7.97 7.4 NO ND
28 0 9 /3 0 /9 5  S03Y 203.3 0 7.97 7.4 NO ND
29 0 9 /3 0 /9 5  S03Z 203.3 0 7.97 7.4 NO NO
30 0 9 /3 0 /9 5  BF200.5 200.5 0 8.0 ND NO NO
31 0 9 /3 0 /9 5  S04TX 198.1 1 8.14 7.0 NO NO
32 0 9 /3 0 /9 5  S04TY 198.1 1 8.14 7.0 NO ND
33 0 9 /3 0 /9 5  S04TZ 198.1 1 8.14 7.0 NO NO
34 0 9 /3 0 /9 5  BF198.1 198.1 0 7.9 NO NO NO
35 0 9 /3 0 /9 5  BF196.6 196.6 0 7.9 ND NO ND
36 0 9 /3 0 /9 5  S05X 193.2 0 8.28 7.2 ND ND
37 0 9 /3 0 /9 5  S05Y 193.2 0 8.28 7.2 NO ND
38 0 9 /3 0 /9 5  S05Z 193.2 0 8.28 7.2 NO ND
39 0 9 /3 0 /9 5  T192.4 192.4 1 8.5 ND ND NO
4 0 0 9 /3 0 /9 5  BF190.0 190.0 0 7.6 ND NO ND
41 0 9 /3 0 /9 5  BF188.4 188.4 0 7.0 ND NO NO
42 0 9 /3 0 /9 5  BF187.7 187.7 0 7.5 NO ND ND
43 0 9 /3 0 /9 5  S06TX 187.3 1 7.96 7.5 NO ND
44 0 9 /3 0 /9 5  S06YY 187.3 1 7.96 7.5 NO ND
45 0 9 /3 0 /9 5  S06TZ 187.3 1 7.96 7.5 NO NO
46 0 9 /3 0 /9 5  S07X 185.7 0 8.56 7.6 NO ND
47 0 9 /3 0 /9 5  S07Y 185.7 0 8.56 7.6 NO ND
48 0 9 /3 0 /9 5  S07Y LD 185.7 0 8.56 7.6 NO NO
49 0 9 /3 0 /9 5  S07Z 185.7 0 8.56 7.6 ND ND
50 0 9 /3 0 /9 5  S08X 168.5 0 8.36 r  10.1 ND NO
51 0 9 /3 0 /9 5  S08Y 168.5 0 8.36 10.1 ND NO
52 0 9 /3 0 /9 5  S08Z 168.5 0 8.36 10.1 ND NO
53 0 9 /3 0 /9 5  BF164.5 164.5 0 7.2 ND ND ND
54 0 9 /3 0 /9 5  S08.5X 153.3 0 8.42 9.2 ND NO
55 0 9 /3 0 /9 5  S08.5Y 153.3 0 8.42 9.2 NO NO
56 0 9 /3 0 /9 5  S08.5Z 153.3 0 8.42 9.2 NO ND
57 0 9 /3 0 /9 5  S08.5Z DD 153.3 0 8.42 9.2 ND ND
58 0 9 /3 0 /9 5  BF136.9 136.9 0 7.6 ND NO NO
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H 1 1 J L M 0 P R S
1
2 Total weight Sample weight Dilution Factor AI main AI trib As main As trib Ca main Ca trib
4
5 50.02 0.5049 99.07 7500 170 3400
6 50.53 0 .5038 100.3 7200 160 3400
7 50.83 0.5007 101.5 8500 220 8200
8 50.04 0 .4969 100.7 11000 60 7800
9 50.04 0 .4979 100.5 10000 60 8300
10 50.03 0 .5018 99.70 11000 59 7500
11 50.03 0 .5018 99.70 11000 61 7500
12 50.03 0 .5018 99.70 11000 63 7500
13 50.03 0 .5018 99.70 11000 67 7600
14 50.14 0.5013 100.0 13000 240 6700
15 50.30 0.5041 99.78 12000 280 7700
16 50.02 0 .4974 100.6 11000 300 7800
17 50.05 0.5025 99.60 12000 270 9200
18 50.02 0.4997 100.1 12000 360 16000
19 50.30 0.5012 100.4 1500 230 97
20 50.53 0.4972 101.6 9600 29 17000
21 50.00 0.4996 100.1 15000 64 4500
22 50.08 0.5016 99.84 22000 110 5400
23 50.02 0 .4990 100.2 27000 120 5700
24 50.11 0.5002 100.2 18000 69 4500
25 50.14 0.4986 100.6 13000 29 8600
26 50.04 0.4963 100.8 8500 16 5200
27 50.40 0.4978 101.2 6700 52 6800
28 50.28 0.5040 99.76 6600 27 4300
29 50.12 0.5020 99.84 8500 50 5400
30 50.12 0.5016 99.92 7600 31 7700
31 50.04 0 .5028 99.52 6500 17 7200
32 50.02 0.4985 100.3 " 7500 25 7000
33 50.14 0.5005 100.2 6300 13 6500
34 50.04 0.5006 99.96 6900 25 6400
35 50.08 0.5034 99.48 7500 20 6100
36 50.21 0.5013 100.2 8000 28 6700
37 50.39 0.5007 100.6 7700 26 7200
38 50.08 0.4962 100.9 5400 27 7000
39 50.09 0.5022 99.74 9100 31 10000
40 50.05 0.4977 100.6 7100 31 7900
41 50.09 0.4993 100.3 6800 20 6000
42 50.06 0.4997 100.2 5600 24 35000
43 50.03 0 .5048 99.11 3900 23 39000
44 50.05 0.5002 100.1 5100 21 35000
45 50.08 0 .4970 100.8 5400 38 35000
46 50.11 0.5031 99.60 5400 32 34000
47 50.04 0.5041 99.27 7600 44 37000
4 8 50.04 0.5041 99 .27 7600 39 37000
49 50.04 0 .5030 99.48 5600 30 25000
50 50.05 0.4972 100.7 5000 15 23000
51 50.02 0 .4970 100.6 4400 16 24000
52 50.03 0.5048 99.11 5300 25 17000
53 50.01 0 .4978 100.5 5700 32 30000
54 50.07 0 .4970 100.7 5400 29 23000 1
55 50.04 0.5047 99.15 4800 24 23000"'
56 50.13 0 .5007 100.1 5700 27 28000
57 50.25 0 .5050 99.50 5000 17 26000
58 50.17 0 .4988 100.6 5800 14 2 1 0 0 0 ^
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
128
U 1 V X Y AA A8 AO AE AG AH
1
2 Cd main Cdtrib Co main Co trib Cu main Cu trib Fe main Fetrib Mg main Mg trib
4
5 21 14.6 1520 57000 3400
6 20 14.3 1430 55000 3300
7 26 28.6 826 62000 5400
8 1.9 13.0 75.3 24000 5700
9 1.9 12.5 70.5 22000 5500
10 2.0 13.2 79.3 23000 5700
11 2.0 13.3 76.6 24000 5600
12 2.1 13.4 76.3 24000 5500
13 2.0 13.4 76.2 24000 5400
14 33 31.2 1510 74000 5700
15 44 36.5 1830 85000 5600
16 56 39.1 2110 90000 5000
17 56 39.3 2040 88000 6100 1
18 93 52.1 3240 120000 8200 1
19 <1 <3 265 190000 57
2 0 27 14.4 188 50000 5900
21 11 24.7 622 ^ 0 0 0 4100 i
22 28 41.6 1480 73000 3900
23 48 44.7 2690 110000 2800
24 17 47.8 1040 56000 4000
25 <1 8.27 59.9 18000 5300
26 <1 5.28 32.0 11000 3600
27 33 51.8 263 72000 3100
28 13 20.9 136 26000 2500
29 16 39.3 337 44000 3400
3 0 10 19.8 160 26000 3900
31 <1 9.63 76.1 20000 4300
32 <1 10.6 89.0 22000 4700
33 <1 8.63 76.7 16000 4300
34 2.7 14.1 104 23000 3700
35 2.3 13.6 104 22000 4000
36 2.3 12.4 104 25000 4000
37 3.3 14.0 119 25000 3900
38 3.0 10.8 77.5 19000 3300
39 <1 13.7 28.5 25000 4000
40 3.6 14.2 89.0 27000 4000
41 2.4 11.2 86.5 19000 4000
42 <1 6.66 42.5 14000 8600
43 <1 5.86 31.6 12000 8400
4 4 <1 6.25 31.1 14000 9200
45 <1 7.11 36.6 15000 8300
46 <1 7.61 41.4 16000 7900
47 <1 9.53 5 4 6 20000 8500
48 <1 9.55 54.5 20000 8500
49 <1 7.69 44.2 17000 7900
50 <1 6.74 38.4 13000 7500
51 <1 6.28 43.0 12000 7500
52 <1 6.75 42.2 14000 6900
53 <1 7.13 37.0 15000 7800
54 <1 7.68 41.9 15000 7600
55 <1 7.31 46.3 13000 7000
56 <1 7.63 41.9 16000 7700
57 <1 7.16 40.2 13000 7300
58 <1 7.37 35.8 14000 7700
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AJ AK AM AN AP AQ AS AT AV
1
2 Mn main Mn trib Na main Na trib Ni main Ni trib P main P trib Pb main
4
5 3840 56 22 900
6 3750 52 21 900
7 5150 57 29 1000 2400
8 1720 65 16 1000
9 1830 65 15 1000
10 1470 62 16 1000
11 1470 64 17 1000
12 1460 64 16 1000
13 1470 64 16 1000
14 6440 75 36 1000 3300
15 8230 59 41 1000 4100
16 9370 50 45 1000 4600
17 9610 66 45 1000 3500
18 12000 45 61 1000 3700
19 <0.5 240 <2 300
20 1330 91 25 1000
21 2260 50 25 1000 590
22 5720 57 1 36 1000 1300
23 6900 43 39 1000 1500
24 5490 56 51 1000 370
25 659 47 14 1000
26 398 32 9.5 800
27 29900 55 48 2000 180
28 8170 36 26 900 120
29 11300 45 32 1000 260
30 3710 74 37 1000 140
31 876 48 14 900
32 977 56 14 900
33 571 47 13 800
34 1800 61 17 1000 64
35 1280 58 17 1000 56
36 1300 62 18 1000 53
37 1540 59 ' 20 1000 75
38 1080 63 16 1000 43
39 3180 110 38 2000
40 2300 78 20 2000 51
41 779 72 18 1000 48
42 543 52 9.1 700 26
43 455 47 8.8 800
44 464 51 10 700
45 554 54 10 800
46 664 61 11 900 30
47 909 70 14 900 34
4 8 911 71 14 900 34
49 598 62 14 900 32
50 1010 52 10 800 25
51 595 49 10 800 27
52 558 58 11 900 24
S3 678 72 11 1000 25
54 516 61 12 1000 29
55 538 54 11 900 27
56 857 63 11 900 25
57 799 53 10 800 27
58 1260 58 11 800 21
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AW AX AY AZ SB BC BE BF BH Bl
1
2 Pb trib Sr Sr main Sr trib Ti main TI trib Zn main Zn trib K main K trib
4
5 9600 19.0 19.0 157 6960 1050
6 9300 18.2 18.2 159 6720 984
7 27.7 27.7 151 7810 1040
8 130 27.4 27.4 172 317 1320
9 160 27.9 27,9 151 347 1310
10 150 26.1 26.1 178 331 1250
11 150 25.8 25.8 176 340 1230
12 140 25.6 25.6 174 340 1210
13 140 25.5 25.5 174 335 1180
14 29.8 29.8 140 10300 1720
15 23.9 23.9 141 11200 1410
16 22.8 22.8 140 12100 1040
17 24.7 24.7 125 12700 1420
18 28.7 28.7 117 17800 861
19 1700 12.7 12.7 94.2 85.0 2200
20 160 72.2 72.2 197 1330 1600
21 21.7 21.7 194 2480 946
22 29J) 29.0 166 6060 1330
23 25.9 25.9 115 11100 744
24 26.4 26.4 200 5670 1190
2ÿ 42 25.2 25.2 152 81.1 1020
26 27 15.4 15.4 139 56.0 617
27 28.9 28.9 106 8590 850
28 18.1 18.1 163 3270 795
29 21.3 21.3 131 3620 669
30 33.9 33.9 122 3700 940
31 29 19.4 19.4 150 65.1 963
32 30 21.0 21.0 172 70.9 1100
33 23 16.7 16.7 155 56.6 955
34 29.3 29.3 145 1040 991
35 23.7 23.7 161 729 964
36 30.8 30.8 157 994 1170
37 33.6 33.6 132 1330 1020
38 25.6 25 .6 156 1080 821
39 34 226 226 105 68.9 1020
40 45.2 45.2 143 1270 1120
41 32.1 32.1 147 803 955
42 24.3 24.3 113 54.3 1040
43 24 26.5 26.5 85.5 47.3 797
44 21 25.2 25.2 99.2 49.2 878
45 27 23.0 23.0 127 62.3 909
46
47
29.5 29.5 110 293 941
33.0 33.0 145 369 1250
48 33.0 33.0 145 369 1240
49 24.6 24.6 128 285 882
50 26.5 26.5 114 137 882
51 24.6 24.6 101 166 741
52 21.8 21.8 122 127 824
53 29.2 29.2 128 162 984
54 22.1 22.1 121 142 856
55 23.9 23.9 111 142 744
56 28.5 28.5 122 146 978
57 26.8 26.8 106 134 923
58 24.1 24.1 122 104 877
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A B C 0 E F G
59 0 9 /3 0 /9 5  S09X 117.6 0 8.42 9.6 ND ND
60 0 9 /3 0 /9 5  S09Y 117.6 0 8.42 9.6 ND ND
61 0 9 /3 0 /9 5  S09Z 117.6 0 8.42 9.6 ND ND
62 0 9 /3 0 /9 5  S10TX 109.1 1 8.47 9.4 ND ND
63 0 9 /3 0 /9 5  S10TXDD 109.1 1 8.47 9.4 ND ND
64 0 9 /3 0 /9 5  S107Y 109.1 1 8.47 9.4 ND ND
65 0 9 /3 0 /9 5  SI 077 109.1 1 8.47 9.4 ND ND
66 0 9 /3 0 /9 5  SI 1TX 87.1 1 8.33 9.5 ND ND
67 0 9 /3 0 /9 5  SI 1TY 87.1 1 8.33 9.5 ND r ND
68 0 9 /3 0 /9 5  SI 1TZ 87.1 1 8.33 9.5 ND ND
69 1 0 /0 1 /9 5  S12X 74.4 0 8.45 6.6 ND ND
70 1 0 /0 1 /9 5  S12Y 74.4 0 8.45 6.6 NO ND
71 1 0 /0 1 /9 5  SI 22 74.4 0 8.45 6.6 ND ND
72 1 0 /0 1 /9 5  S12ZDD 74.4 0 8.45 6.6 ND ND
73 1 0 /0 1 /9 5  S13TX 55.8 1 8.09 10.5 ND ND
74 1 0 /0 1 /9 5  SI 37Y 55.8 1 8.09 10.5 ND ND
75 1 0 /0 1 /9 5  SI 377 55.8 1 8.09 10.5 ND ND
76 0 9 /3 0 /9 5  BF21.8 21.8 0 8.2 ND ND ND
77 0 9 /3 0 /9 5  S14X 12.7 0 8.14 12.0 ND ND
78 0 9 /3 0 /9 5  S14X LD 12.7 0 8.14 12.0 ND ND
7 9 0 9 /3 0 /9 5  S14X LD 12.7 0 8.14 12.0 ND ND
80 0 9 /3 0 /9 5  S14X LD 12.7 0 8.14 12.0 ND ND
81 0 9 /3 0 /9 5  S14X LD 12.7 0 8.14 12.0 ND ND
82 0 9 /3 0 /9 5  S14X LD 12.7 0 8.14 12.0 ND ND
83 0 9 /3 0 /9 5  S14X LD 12.7 0 8.14 12.0 ND ND
84 1 0 /0 1 /9 5  SI 4XDD 12.7 0 8.14 12.0 ND ND
85 1 0 /0 1 /9 5  S14Y 12.7 0 8.14 12.0 ND ND
86 1 0 /0 1 /9 5  SI 42 12.7 0 8.14 12.0 ND ND
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H 1 J L M 0 R S
59 50.29 0.5029 100.0 4400 19 I 22000
6 0 50.19 0.4966 101.1 5800 21 24000
61 50.07 0 .4960  ^ 100.9 4800 23 1 25000
62 50.29 0 .4980 101.0 9200 22 14000
63 51.15 0.4993 102.4 1 8300 22 1 14000
64 50.05 0.4966 100.8 8200 27 ! 13000
6 5 50.12 0 .4998 100.3 5900 18 1 16000
66 50.15 0.5035 99.60 5300 14 18000
67 50.17 0.5041 99.52 5100 14 I 30000
68 50.22 0 .5000 100.4 6500 29 28000
69 50.06 0.4972 100.7 5200 11 18000
7 0 50.08 0 .4998 10& 2 6200 16 25000
71 51.21 0.4973 103.0 5100 12 19000 !
72 50.05 0.4985 100.4 5800 11 19000
73 50.25 0.4991 100.7 8900 13 7700
74 50.02 0 .4978 100.5 8100 9.0 8400
75 50.28 0 .4970 101.2 11000 11 6900
76 50.27 0 .5005 100.4 5000 7.8 34000
77 49,99 0 .5013 99.72 5400 11 32000
78 49.99 0.5013 99.72 5200 12 33000
79 49.99 0.5013 99.72 5200 17 35000
8 0 49.99 0.5013 99.72 4900 22 36000
81 49.99 0.5013 99.72 5300 8.6 31000
82 49.99 0.5013 99.72 5200 13 31000
83 49.99 0.5013 99.72 5200 13 31000
84 50.89 0.5007 101.6 6000 7.8 32000
85 50.02 0.5005 99.94 5600 12 33000 '
86 50.20 0.4986 100.7 5300 15 30000
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U V X Y AA AB AD AE AG AH
59 <1 6.07 30.0 13000 6900
60 <1 7.25 43.5 14000 7600
61 <1 6.60 36.6 13000 7100
62 <1 8.90 32.3 19000 9500
63 <1 8.69 32.1 18000 8900
64 <1 7.91 24.7 15000 6600
65 <1 6.65 20.4 9900 5200
66 <1 6.03 43.4 11000 8800
67 <1 5.17 36.9 12000 8700
6 8 <1 6.01 39.2 16000 10000
69 <1 4 .80 22.8 11000 6300
70 <1 5.68 24.6 14000 7800
71 <1 4.95 25.3 10000 5800
72 <1 5.39 25.6 12000 6400
73 <1 4.24 13.1 13000 4800
74 <1 3.11 15.7 7000 4100
75 <1 3.94 16.7 12000 4800
76 <1 4.85 24.6 11000 7500
77 <1 5.16 26.6 11000 7600
78 <1 5.25 24.7 11000 7300
79 <1 5.38 25.0 12000 7300
80 <1 5.65 23.7 12000 7000
81 <1 5.21 28.1 11000 7500
82 <1 4 .98 23.6 11000 7300
83 <1 5.16 22.9 10000 7300
84 <1 5.53 26.7 12000 8100
85 <1 5.37 25.3 12000 8100
86 <1 5.84 24.0 14000 7500
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AJ AK AM AN AP AQ AS AT AV
59 493 53 9.1 1000 20
6 0 484 61 12 900 26
61 667 58 10 900 23
62 689 140 17 500
63 688 140 17 500
64 514 170 18 800
65 865 160 14 1000
66 557 96 9.2 700
67 415 64 8.3 800
68 545 98 12 800
69 330 66 7.8 900 16
70 576 77 10 1000 17
71 332 65 8.6 900 16
72 336 66 9.4 900 18
73 550 48 10 1000
74 319 56 8.4 1000
75 413 42 10 800
76 260 71 8.6 900 17
77 380 80 8.9 900 17
78 384 80 8.9 900 18
79 399 80 8.9 1000 16
80 402 80 10 1000 18
81 366 76 8.6 900 18
82 360 76 8.8 900 18
83 355 77 8.5 900 17
84 384 85 10 900 20
85 340 84 9.0 900 19
86 444 . . . . . . . . . . . . 1. . . . ZÊ. . . . 9.2 1000 21
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AW AX AV AZ 88 BC BE BF BH Bl
59 25.4 25.4 121 69.0 718
6 0 28.0 28.0 124 97.2 922
61 27.3 27.3 115 85.5 798
62 23 43.4 43.4 101 59.5 2060
63 23 43.0 43.0 118 56.5 1900
64 19 63.0 63.0 165 52.5 1800
65 16 70.6 70.6 134 42.4 1470
66 21 20.9 20.9 114 44.4 802
67 21 22.4 22.4 113 41.8 838
6 8 24 23.3 23.3 129 53.2 998
69 23.1 23.1 116 55.5 820
70 28.5 28.5 125 64.9 1130
71 23.7 23.7 117 52.2 905
72 24.1 24.1 134 54.5 988
73 24 14.8 14.8 88.7 48.3 814
74 23 16.1 16.1 81.1 38.5 765
75 21 13.8 13.8 81.3 32.1 673
76 35.1 35.1 115 54.4 910
77 35.4 35.4 118 58.9 1070
78 34.3 34.3 116 60.2 1050
79 35.6 35.6 120 61.8 1040
8 0 33.9 33.9 117 65.1 1020
81 33.7 33.7 114 58.0 1070
82 33.3 33.3 113 60.3 1030
83 33.0 33.0 111 59.8 1030
8 4 35.7 35.7 127 61.7 1170
85 36.4 36.4 122 61.8 1090
86 31.1 31.1 120 60.5 939
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APPENDIX 14: SEDIMENT CHEMISTRY DATA FOR JANUARY 1996
The first 8 digits of the Sample Name is the date on which the sample was 
collected. The second part t>egins with a S and refers to the sample site. Site 
names that contain a T are tributary sites and those without a T are mainstem 
sites. The suffixes x, y, and z represent triplicates collected at each site (See 
Appendix 8 for exact locations). Samples ending in LD are laboratory 
duplicates (i. e. duplicate ICAPES analyses were completed on that sample.
DD refers to a duplicate digest meaning that more than one digestion was 
done on that sample. River kilometer 215.0 is at the headwaters and river 
kilometer 0 is at the confluence with the Clark Fork River. In the Type column,
0 = a main stem sample and 1 = a tributary sample. Total weight and sample 
weight are reported in grams. The Dilution Factor was calculated by dividing 
the total weight by the sample weight and then multiplying by 100. For each 
element that was analyzed, the data is reported in two columns: one for main 
stem samples and one for tributary samples.
One temperature and one pH reading were taken instream at each site by 
an Orion® model 230A meter. It was calibrated at the beginning of the day 
using pH 4,7 , and 10 buffer solutions which were prepared one day before 
sampling. The electrode was stored in ambient stream water t)etween sites. 
Half way through the day, the buffer solutions were measured to check the 
calibration of the meter; it was recalibrated if the readings were not within 10%.
Temperature and dissolved oxygen (dO) were measured at each site by a 
Model 820 Orion® oxygen meter. The dO meter was turned on half an hour 
before the first measurement was to be taken. After the half hour waiting 
period, the meter was autocalibrated and the same calibration was used for 
the entire day.
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A B c D E F
1 SEDIMENT CHEMISTRY DATA FOR JANUARY 1996
2 Sample Name River km Type Water pH j Water temp (C) Water DO (mg/l)
4
5 0 1 /1 3 /9 6  S01TX 210.8 1 7.22 1.1 11.4
6 0 1 /1 3 /9 6  S01TY 210.8 1 7.22 1.1 11.4
7 0 1 /1 3 /9 6  SOI TZ 210.8 1 7.22 1.1 11.4
8 01 /13/96S 02X 211.8 0 7.09 0.9 14.5
9 01 /13 /96S 02Y 211.8 0 7.09 0.9 14.5
10 0 1 /1 3 /9 6  S02Z 211.8 0 7.09 0.9 14.5
11 0 1 /1 3 /9 6  S02ZDD 211.8 0 7.09 0.9 14.5
12 0 1 /1 3 /9 6  S05XY 193.2 0 8.52 0.8 13.2
13 0 1 /1 3 /9 6  S05XYDD 193.2 0 8.52 0.8 13.2
14 0 1 /1 3 /9 6  S05Z 193.2^ 0 ^ 8 .5 2 0.8 13.2
15 0 1 /1 3 /9 6  S06TX 187.3 1 8.14 4.8 10.4
16 01/13/96S06TY 187.3 1 8.14 4.8 10.4
17 01/13/96S06TZ 187.3 1 8.14 4.8 10.4
18 0 1 /1 3 /9 6  S07X 185.7 0 8.77 1.7 12.6
19 0 1 /1 3 /9 6  S07Y 185.7 0 8.77 1.7 12.6
20 0 1 /1 3 /9 6  S07Z 185.7 0 8.77 1.7 12.6
21 0 1 /1 3 /9 6  S08X 168.5 0 8.46 3.4 11.4
22 0 1 /1 3 /9 6  S08X DD 168.5 0 8.46 3.4 11.4
23 0 1 /1 3 /9 6  S08Y 168.5 0 8.46 3.4 11.4
24 01/13 /96S 08Z 168.5 0 8.46 3.4 11.4
25 0 1 /1 3 /9 6  S08.5X 153.3 0 8.30 3.0 12.1
26 0 1 /1 3 /9 6  S08.5Y 153.3 0 8.30 3.0 12.1
27 0 1 /1 3 /9 6  S08.5Z 153.3 0 8.30 3.0 12.1
28 0 1 /1 4 /9 6  S1TTX 87.1 1 9.99 3.2 12.8
29 0 1 /1 4 /9 6  SI TTY 87.1 1 9.99 3.2 12.8
30 0 1 /1 4 /9 6  SI 1TZ 87.1 1 9.99 3.2 12.8
31 0 1 /1 4 /9 6  SI 2X 74.4 0 9.94 1.3 13.8
32 01/1 4 /9 6  SI 2Y 74.4 0 9.94 1.3 13.8
33 0 1 /1 4 /9 6  SI 2Z 74.4 0 9.94 1.3 13.8
34 01/1 4 /9 6  SI 3TX 55.8 1 9.86 1.2 13.9
35 01/14/96S13TXLD 55.8 1 9.86 1.2 13.9
36 0 1 /1 4 /9 6  S13TXLD 55.8 1 9.86 1.2 13.9
37 01 /1 4 /9 6  SI 3TXLD 55.8 1 9.86 1.2 13.9
38 0 1 /1 4 /9 6  SI 3TXLD 55.8 1 9.86 1.2 13.9
39 0 1 /1 4 /9 6  SI 3TXLD 55.8 1 9.86 1.2 13.9
40 0 1 /1 4 /9 6  SI 3TY 55.8 1 9.86 1.2 13.9
41 0 1 /1 4 /9 6  SI 3TZ 55.8 1 9.86 1.2 13.9
42 0 1 /1 4 /9 6  SI 4X 12.7 0 10.01 0.6 15.1
43 0 1 /1 4 /9 6  S14Y 12.7 0 10.01 0.6 15.1
44 0 1 /1 4 /9 6  S14Z 12.7 0 10.01 0.6 15.1
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G H 1 J L M 0
1
2 Water DO {% sat) Total weight Sample weight Dilution Factor AI main Ai trib As main
4
5 97 50.03 0.4964 100.8 9800
6 97 50.06 0.5029 99.54 9600
7 97 50.06 0.5032 99.48 9200
8 131 50.02 0.4983 100.4 11000 200
9 131 50.22 0.5007 100.3 14000 210
10 131 50.10 0.4991 100.4 12000 270
11 131 50.15 0.5004 100.2 13000 280
12 111 50.10 0.4982 100.6 7000 28
13 111 50.02 0.5035 99.34 7300 29
14 111 50.31 0.5025 100.1 5300 20
15 97 50.05 0.4980 100.5 5400
16 97 50.00 0.4983 100.3 5000
17 97 50.05 0.4996 100.2 4700
18 108 50.03 0.4995 100.2 6400 21
19 108 50.84 0.4969 102.3 3800 17
20 108 50.01 0.5009 99.84 5700 18
21 103 50.04 0.4999 100.1 4200 11
22 103 50.04 0.5019 99.70 4200 11
23 103 50.05 0.4991 100.3 4300 10
24 103 50.02 0.4993 100.2 4900 12
25 105 50.62 0.5005 101.1 5400 11
26 105 50.04 0.5044 99.21 5000 9.9
27 105 50.01 0.5012 99.78 5100 11
28 111 50.02 0.5025 99.54 5700
29 111 50.04 0.5009 99.90 6000
30 111 50.02 0.4988 100.3 5200
31 114 50.05 0.4994 100.2 4600 9.2
32 114 50.00 0.5001 99.98 5100 8.1
33 114 50.06 0.4993 100.3 4100 7.3
34 114 50.04 0.4998 100.1 6900
35 114 50.04 0.4998 100.1 6900
36 114 50.04 0.4998 100.1 6900
37 114 50.04 0.4998 100.1 6700
38 114 50.04 0.4998 100.1 6700
39 114 50.04 0.4998 100.1 6700
40 114 50.07 0.5041 99.33 9100
41 114 50.12 0.4984 100.6 11000
42 119 50.02 0.5011 99.82 4100 <7
43 119 50.05 0.4977 100.6 5200 <7
44 119 50.02 0.5003 99.98 4100 <7
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P R S U V X Y AA AB AD
1
2 As trib Ca main Ca trib Cd main Cd trib Co main Co trib Cu main Cu trib Fe main
4
5 50 8100 2.0 13.5 66.4
6 52 8900 2.3 14.2 69.1
7 56 8300 2.2 15.0 73.2
8 6900 43 42.4 1790 70000
9 6500 41 37.3 1920 76000
10 7300 40 30.2 1810 88000
n 7400 41 30.8 1840 92000
12 8400 3.8 13.8 101 30000
13 8500 3.6 13.8 101 30000
14 7100 4.5 11.6 77.6 24000
15 18 31000 <1 6.85 33.4
16 12 34000 <1 5.81 26.5
17 13 32000 <1 5.27 27.7
18 37000 <1 7.33 49.6 17000
19 31000 <1 6.35 47.5 14000
20 24000 <1 7.33 49.8 17000
21 23000 <1 4.73 35.3 10000
22 23000 <1 4.89 35.2 10000
23 23000 <1 5.42 34.6 12000
24 20000 <1 5.47 31.4 13000
25 23000 <1 6.16 37.2 13000
26 25000 <1 6.16 35.9 13000
27 29000 <1 6.34 34.5 14000
28 11 33000 <1 6.12 33.6
29 9.9 34000 <1 5.29 33.4
30 13 29000 <1 5.21 31.8
31 31000 <1 4.83 19.8 11000
32 30000 <1 4.94 19.1 11000
33 22000 <1 4.02 17.7 9300
34 <7 4700 <1 4.70 11.9
35 <7 4700 <1 4.74 11.9
36 <7 4700 <1 4.46 11.9
37 <7 4700 <1 4.46 11.8
38 8.6 4700 <1 4.26 12.1
39 7.7 4800 <1 4.30 12.1
40 <7 6700 <1 3.50 13.3
41 <7 7900 <1 3.99 15.8
42 28000 <1 4.38 17.8 9200
43 33000 <1 4.95 22.4 10000
44 27000 <1 4.21 15.1 9600
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AE AG AH AJ AK AM AN AP AQ AS
1
2 Fe trib Mg main Mg trib Mn main Mn trib Na main Na trib Ni main Ni trib P main
4
5 24000 5200 2050 73 14
6 25000 5300 2770 72 15
7 25000 5000 2170 59 14
8 4300 8620 71 37 1000
9 5500 7350 78 39 1000
10 5600 6070 68 36 1000
11 5800 6150 71 37 1000
12 4100 2360 78 19 1000
13 4200 2370 80 20 1000
14 3300 2250 73 15 1000
15 15000 9200 538 53 9.7
16 14000 10000 481 54 7.3
17 12000 8300 424 51 6.9
18 8200 821 84 10 900
19 6400 703 63 8.3 800
20 7900 648 ^  62 11 800
21 5800 542 54 6.4 900
22 5900 545 56 6.9 800
23 7200 471 56 7.5 900
24 7400 324 58 7.7 900
25 7500 511 63 8.9 800
26 7200 657 61 9.0 800
27 7300 932 74 8.4 800
28 13000 9900 1100 75 8.4
29 13000 10000 454 78 7.9
30 13000 9200 888 79 7.6
31 5900 812 85 6.6 900
32 6000 784 76 6.9 900
33 5800 522 76 5.8 800
34 10000 4900 923 44 9.5
35 10000 4900 915 43 9.7
36 10000 4900 911 46 8.9
37 10000 4800 901 46 8.8
38 10000 4800 902 47 9.1
39 11000 4800 916 48 9.0
40 8000 4300 271 53 8.1
41 11000 5300 427 62 9.9
42 5900 506 66 6.4 900
43 5800 539 70 1 7.6 900
44 6000 388 62 7.1 900
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AT AV AW AY AZ BB BC BE BF BH Bl
1
2 P trib Pb main Pb trib Sr main Sr trib Ti main Ti trib Zn main Zn trib K main Ktrib
4
5 1000 120 27.7 159 324 1080
6 1000 120 30.2 154 346 1140
7 1000 140 27.0 157 353 1040
8 3200 24.3 136 11400 1300
9 3700 30.0 152 11700 1600
10 4300 24.2 148 10500 1370
11 4300 24.8 154 10700 1420
12 74 39.4 145 1570 1130
13 75 39.7 145 1580 1150
14 46 32.1 130 1490 988
15 700 48 24.8 108 56.5 882
16 700 24 26.0 104 49.5 818
17 600 20 24.1 107 44.0 720
18 27 43.6 115 421 1150
19 25 38.2 87.0 357 692
20 29 31.8 105 349 885
21 17 29.0 104 92.8 749
22 18 29.1 105 93.6 751
23 19 25.9 107 131 698
24 18 24.2 123 112 717
25 22 26.7 120 112 845
26 19 28.9 114 108 800
27 20 35.8 113 113 860
28 700 27 26.0 121 47.8 817
29 700 23 24.8 121 45.7 860
30 800 23 25.8 114 41.7 734
31 15 35.9 106 46.3 840
32 13 35.8 109 44.5 977
33 12 26.1 102 40.6 771
34 900 18 9.46 64.8 34.5 601
35 900 17 9.41 63.7 34.5 601
36 900 16 9.38 63.1 34.6 673
37 900 15 9.23 62.3 34.5 660
38 900 15 9.25 62.2 34.6 640
39 900 13 9.35 63.0 36.1 631
40 900 16 13.3 86.6 30.2 661
41 1000 22 15.6 104 37.7 840
42 14 30.2 108 42,9 708
43 17 36.0 121 50.0 880
44 13 28.2 107 40.1 625
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APPENDIX 15: SEDIMENT CHEMISTRY DATA FOR FEBRUARY 1996
The first 8 digits of the Sample Name is the date on which the sample was 
collected. The second part begins with a S and refers to the sample site. Site 
names that contain a T are tributary sites and those without a T are mainstem 
sites. The suffixes x, y. and z represent triplicates collected at each site (See 
Appendix 8 for exact locations). Samples ending in LD are laboratory 
duplicates (i. e. duplicate ICAPES analyses were completed on that sample.
DD refers to a duplicate digest meaning that more than one digestion was 
done on that sample. River kilometer 215.0 is at the headwaters and river 
kilometer 0 is at the confluence with the Clark Fork River. In the Type column,
0 = a main stem sample and 1 = a tributary sample. ND = no data collected at 
that site. Total weight and sample weight are reported in grams. The Dilution 
Factor was calculated by dividing the total weight by sample weight and then 
multiplying by 100. For each element that was analyzed, the data is reported 
in two columns: one for main stem samples and one for tributary samples.
One temperature and one pH reading were taken instream at each site by 
an Orion® model 230A meter. It was calibrated at the beginning of the day 
using pH 4, 7. and 10 buffer solutions which were prepared one day before 
sampling. The electrode was stored in ambient stream water between sites. 
Half way through the day, the buffer solutions were measured to check the 
calibration of the meter; it was recalibrated if the readings were not within 10%.
Temperature and dissolved oxygen (dO) were measured at each site by a 
Model 820 Orion® oxygen meter. The dO meter was turned on half an hour 
before the first measurement was to be taken. After the half hour waiting 
period, the meter was autocalibrated and the same calibration was used for 
the entire day.
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A I B I C I D I  E 1 F 1 G 1 H
1 SEDIMENT CHEMISTRY DATA FOR FEBRUARY 1996 (concentrations in pom)
2 Sample Name River km Type Water pH Water temp (C)| Water 00  (mg/l) Water DO (% satl Total weight
4 1
5 02 /23/96  S01TX 210.8 1 6.63 0.0 12.1 103 50.15
6 02 /23 /96  SOI TY 210.8 1 6.63 0.0 12.1 103 50.11
7 02 /23 /96  SOI TZ 210.8 1 6.63 0.0 12.1 103 51.58
8 02 /23/96 SOI TZ DD 210.8 1 6.63 0.0 12.1 103 50.05
9 02 /23/96 S02X 211.8 0 6.72 -0.3 12.2 103 50.09
10 02 /23 /96  S02Y 211.8 0 6.72 -0.3 12.2 103 50.03
11 02 /23/96 S02Z 211.8 0 6.72 -0.3 122 103 50.08
12 02 /23/96 S02.5X 209.5 0 6.23 -1.0 ND NO 50.15
13 02 /23/96 S02.SY 209.5 0 6.23 ' -1.0 ND ND ^ 50.07
14 02 /23/96 S02.5Z 209.5 0 6.23 -1.0 NO ND 50.04
15 02 /23/96 S04TX 198.1 1 6.63 -0.1 16.5 135 50.03
16 02 /23/96 S04TY 198.1 1 6.63 -0.1 16.5 135 50.01
17 02 /23/96 S04TYDD 198.1 1 6.63 -0.1 16.5 135 50.06
18 02 /23/96 S04TZ 198.1 1 6.63 -0.1 16.5 135 50.05
19 02/23/96 S05X 193.2 0 6.52 -0.3 12.6 105 50.11
20 02 /23 /96  S05Y 193.2 0 6.52 -0.3 12.6 105 50.02
21 02 /23 /96  S05Z 193.2 0 6.52 -0.3 12.6 105 50.05
22 02/23/96 S06TX 187.3 1 6.22 3.6 9.9 90 50.08
23 02/23/96 S06TY 187.3 1 6.22 3.6 9.9 90 50.07
24 02/23/96 S06TZ 187.3 1 6.22 3.6 9.9 90 50.59
25 02/23/96 S07X 185.7 0 6.77 2.1 15.3 135 50.02
26
27
02/23/96 S07Y 185.7 0 6.77 2.1 15.3 135 50.00
02/23/96 S07Z 185.7 0 6.77 2.1 15.3 135 50.01
28 02/23/96 S07Z LD 185.7 0 6.77 2.1 15.3 135 50.01
29 02/23/96 S08X 168.5 0 6.55 2.4 14.1 123 50.09
30 02/23/96 S08Y 168.5 0 6.55 2.4 14.1 123 50.10
31 02/23/96 S08Z 168.5 0 6.55 2.4 14.1 123 50.21
32 02/23/96 S08.SX 153.3 0 6.46 1.8 12.9 111 50.09
33 02/23/96 S08.5Y 153.3 0 6.46 1.8 12.9 111 50.12
34 02/23/96 S08.5Z 153.3 0 6.46 1.8 12.9 111 50.00
35 02/23/96 S09X 117.6 0 6.74 1.1 13.3 113 50.02
36 02/23/96 S09Y 117.6 0 6.74 1.1 13.3 113 50.09
37 02/23/96 S09Y DO 117.6 0 6.74 1.1 13.3 113 50.09
38 02/23/96 S09Z 117.6 0 6.74 1.1 13.3 113 50.19
39 02/23/96 SI 1TX 87 1 1 6.76 3.0 13.7 125 50.01
40 02/23/96 SI 1TY 87.1 1 6.76 3.0 13,7 125 50.23
41 02/23/96 SI 1TZ 87.1 1 6.76 3.0 13.7 125 50.26
42 02/23/96 S12X 74.4 0 6.79 1.2 15.1 125 50.02
43 02/23/96 SI 2X DO 74.4 0 6.79 1.2 15.1 125 50.46
44 02/23/96 SI 2Y 74.4 0 6.79 1.2 15.1 125 50.02
45 02/23/96 SI 22 74.4 0 6.79 1.2 15.1 125 50.04
46 02/23/96 S13TX 55.8 1 6.79 0.2 14.7 118 50.03
47 02/23/96 S13TY 55.8 1 6.79 0.2 14.7 118 50.11
48 02/23/96 S13TZ 55.8 1 6.79 0.2 14.7 118 50.10
49 02 /23 /96  SI 4X 12.7 0 6.76 0.8 14.9 125 50.02
50 02/23/96 S14X LD 12.7 0 6.76 0.8 14.9 125 50.02
51 02/23/96 S14XLD 12.7 0 6.76 0.8 14.9 125 50.02
52 02/23/96 S14XLD 12.7 0 6.76 0.8 14.9 125 50.02
53 02/23/96 S14Y 12.7 0 6.76 0.8 14.9 125 50.15
54 02/23/96 SI 4YLD 12.7 0 6.76 0.8 14.9 125 50.15
55 02 /23 /96  S14YLD 12.7 0 6.76 0.8 149 125 50.15
56 02/23/96 S14YLD 12.7 0 6.76 0.8 14.9 125 50.15
57 02/23/96 S14Z 12.7 0 6.76 0.8 14.9 125 50.18
58 02/23/96 S I42 00 12.7 0 6.76 0.8 14.9 125 50.01
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
144
1 J L M 0 P R S U V X 1 Y
1 1
2 Sample weiotit Dilution Factor AI main AI trib As main As trib Ca main Ca trib Cdmain Cdtrib domain Co trib
4
5 0.5000 100.3 11000 53 8400 1 2.2 14.3
6 0.5046 99.31 11000 54 8900 2.3 14.5
7 0.5004 103.1 11000 54 7900 2.0 13.9
8 0.5029 99.52 10000 54 8100 2.4 14.5
9 0.5022 99.74 12000 180 6400 38 36.8
10 0.5004 100.0 14000 180 6000 39 35.2
11 0.5047 99.23 13000 210 6200 44 35.2
12 0.4987 100.6 27000 78 5300 46 69.3
13 0.5001 100.1 36000 78 6000 88 131
14 0.4993 100.2 38000 64 5200 56 72.6
15 0.5000 100.1 5000 20 8200 <1 10.7
16 0.5044 99.15 6700 21 7400 <1 9.51
17 0.5006 100.0 6700 23 7500 <1 9.67
18 0.5006 100.0 4900 17 7800 <1 10.1
19 0.5003 100.2 7200 21 7300 3.0 16.0
20 0.5000 100.0 7200 27 8600 4.9 14.0
21 0.5017 99.76 5900 20 6700 3.4 12.6
22 0.5026 99.64 4600 24 27000 <1 6.60
23 0.5045 99.25 3800 21 31000 <1 6.75
24 0.4995 101.3 6100 16 31000 <1 6.21
25 0.5032 99.40 4600 18 36000 <1 5.80
26 0.5028 99.44 7000 21 36000 <1 7.31
27 0.5040 99.23 • 6400 21 39000 1.1 7.88
28 0.5040 99.23 6400 19 39000 1.0 7.72
29 0.5034 99.50 5500 11 20000 <1 5.08
30 0.4991 100.4 5700 11 23000 <1 5.29
31 0.5025 99.92 5400 12 14000 <1 5.95
32 0.5039 99.40 5200 13 25000 <1 6.71
33 0.5032 99.60 5300 12 21000 <1 6.06
34 0.5029 99.42 5200 12 23000 <1 6.25
35 0.5030 99.44 6300 13 23000 <1 6.22
36 0.5014 99.90 5100 16 25000 <1 6.45
37 0.5026 99.66 5000 17 25000 <1 6.46
38 0.5008 100.2 6500 16 23000 <1 6.60
39 0.5013 99.76 5900 13 35000 <1 5.16
40 0.5040 99.66 4300 10 20000 <1 4.89
41 0.5033 99.86 6000 23 27000 <1 5.20
42 0.5014 99.76 6300 9.2 21000 <1 5.77
43 0.5036 100.2 6000 9.3 21000 <1 5.68
44 0.5043 99.19 6200 11 25000 <1 6.55
45 0.5013 99.82 5200 n 25000 <1 6.19
46 0.5013 99.80 7300 <7 6700 <1 3.80
47 0.5036 99.50 7300 <8 6800 <1 3.20
48 0.5013 99.94 9000 <9 6100 <1 3.32
49 0.4999 100.1 5000 7.8 24000 <1 5.49
50 0.4999 100.1 4900 8.0 24000 <1 5.53
51 0.4999 100.1 4800 11 24000 <1 5.39
52 0.4999 100.1 4700 9.1 1 24000^ <1 5.48
53 0.5039 99.52 6000 7.6 24000 <1 6.08
54 0.5039 99.52 6100 8.6 24000 <1 6.03
55 0.5039 99.52 5700 13 24000 <1 5.97
56 0.5039 99.52 5900 11 24000 <1 6.10
57 0.5008 100.2 5000 10 24000 5.87
58 0.5008 99.86 4200 9.5 25000 5.67
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AA AS AD 1 AE AG AH AJ AK AM AN AP 1 AQ 1 AS AT
1 1
2 Cu main Cu trib Fe main Fetfib Mg main Mg trib Mn mai^ Mn trib Na main Na trib Ni main Ni trib P main P trib
4 1
5 65.6 26000 5700 2450 70 1 17 1000
6 70.1 27000 5700 2560 72 16 1000
7 68.1 25000 5600 1870 68 16 11000
8 78.1 25000 5200 19661 64 16 i 11000
9 2130 72000 4200 7010 65 35 ! 1000
10 1870 69000 4200 7370 73 38 1000
n 2350 83000 4600 7510 62 39 1000
12 2220 100000 2800 10900 42 49 1000
13 3550 140000 2000 23400 42 74 1000
14 3460 140000 1500 12200 35 39 900
15 70.5 36000 3700 2280 51 14 1000
16 63.2 37000 4200 1750 59 15 1000
17 63.4 37000 4200 1770 58 16 1000
1« 67.6 31000 3700 1970 45 13 1000
19 107 28000 3700 1940 63 21 1000
20 108 38000 3700 3270 71 21 2000
21 89.4 24000 3200 2000 55 18 1000
22 27.0 15000 8500 490 43 10 600
23 30.7 13000 7900 636 47 8.3 600
24 30.3 14000 8800 462 51 9.4 600
25 36.9 14000 6800 630 62 9.1 800
26 43.7 18000 8300 710 75 13 900
27 52.9 18000 7400 919 83 13 900
28 52.8 18000 7300 912 82 13 900
29 32.6 12000 6500 431 57 8.5 900
30 35.1 13000 6900 539 59 9.2 900
31 34.3 14000 7000 370 49 11 800
32 37.2 14000 7000 733 63 10 800
33 33.2 13000 7300 485 57 10 800
34 34.4 13000 7100 631 61 10 800
35 32.9 15000 7900 640 68 11 800
36 36.8 14000 6900 815 65 11 700
37 36.6 13000 6900 815 64 10 700
38 32.3 15000 8000 775 68 11 800
39 34.1 13000 9400 546 86 8.5 800
40 39.1 9800 7400 765 65 8.1 700
41 28.8 17000 9300 1410 91 8.8 800
42 20.9 13000 7100 539 76 10 800
43 20.6 13000 6900 538 74 10 800
44 27.8 13000 7100 739 94 10 800
45 25.0 13000 6800 692 83 11 800
46 13.5 10000 3900 852 48 9.0 1000
47 14.7 7900 3800 465 45 8.4 1000
48 14.4 8300 4200 229 43 8.8 800
49 21.8 11000 6200 707 69 8.4 800
SO 22.9 11000 6000 713 69 9.1 800
51 22.3 11000 5900 703 69 9.3 800
52 25.4 11000 5800 695 70 10 800
53 22.6 120ÙÙ 6600 855 72 9.5 800
54 22.7 12000 6600 863 72 10 800
55 23.2 13000 6300 840 71 10 800
56 22.4 13000 6500 849 71 9.4 800
57 23.3 12000 6700 714 60 8.7 800
58 23.7 11000 6300 711 59 8.3 800
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AV AW AY AZ BB 1 BC BE 1 Bf BH Bl
1
2 Pb main Pb trib Srmain Sr trib Ti main Ti trib Zn main Zn trib K main K trib
4
5 130 29.3 153 350 1270
6 130 29.8 158 349 1240
7 140 26.8 166 334 1170
8 140 28.2 163 350 928
9 3500 25.0 133 11200 1170
10 3300 27.1 137 10900 1530
11 4300 24.0 127 11500 1220
12 980 27.8 127 9770 824
13 1200 31.0 93.0 15300 508
14 940 27.6 69.1 11300 369
15 25 26.5 137 57.0 688
16 27 26.2 150 57.5 1100
17 27 26.0 150 58.8 1120
18 23 23.7 133 51.8 651
19 45 37.9 136 1080 971
20 52 47.3 128 1760 968
21 49 33.1 124 1180 826
22 27 22.3 103 43.4 723
23 23 24.7 83.2 39.5 653
24 27 23.9 114 50.4 862
25 21 40.3 95.2 348 825
26 27 44.1 113 411 1130
27 27 54.7 110 460 1000
28 24 54.6 109 457 985
29 20 27J 111 84.8 851
30 21 30.0 120 100 892
31 22 19.6 123 108 668
32 20 32.2 111 99.0 806
33 22 25.4 118 89.3 725
34 19 30.6 116 87.6 678
35 21 31.7 133 75.2 965
36 20 35.0 115 74.1 696
37 21 35.1 113 73.3 699
38 21 30.2 134 78.3 1040
39 26 26.5 116 44.6 946
40 25 20.2 99.6 42.4 548
41 20 26.8 124 42.6 911
42 16 31.8 140 49.3 1170
43 15 31.2 137 48.4 1160
44 19 37.0 126 52.9 1420
45 15 36.6 124 48.0 996
46 17 13.1 94.2 34.3 720
47 21 13.4 74.7 32.4 713
48 21 12.2 81.5 30.7 719
49 16 29.2 121 45.0 905
50 15 29.6 121 45.4 795
51 14 29.0 118 43.6 761
52 13 28.7 117 50.7 732
53 17 28.3 133 49.5 1040
54 18 28.5 134 50.1 1060
55 17 27.6 129 51.9 987
56 19 28.0 132 49.4 1040
57 20 29.2 115 50.1 751
58 22 29.5 105 47.3 666
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APPENDIX 16: RAW ICAPES DATA FOR 1989
The raw data (before being multiplied by the dilution factor) is reported for 
each sample analyzed. The element at the head of the column is followed by 
a number representative of the wavelength at which the element was recorded 
by the ICa p ES. A lower case k followed by a number means that the samples 
was oversaturated and had to be further diluted to obtain a concentration.
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A B c D E F G H1 RAW ICP DATA FOR 1989 (concentrations in n9/ml)
2 A! 3083 As 1937 Ca 3180 Cd 2289 Co 2287 Cu 32481 Fe 2600
3 Detection Limits» 0.07 0.07 0.01 0.03 0.01 0.01 0.03
4
5 11/04/95 1215.0 diluted 9.53 0.206 5.71 0.3264 0.0458 12.06 333
6 11/04/95 1215.0 87.1 k1.03 49.3 k2.908 0.4018 111.8 57940.7 11/05/95 T213.7 71.2 0.225 109 0.0013 0.0559 0.7635 124
8 11/04/95 1212.1 116 0.265 53.9 0.0804 0.1994 9.413 187
9 11/04/95 BF211.8 163 3.39 99.1 1.289 0.7797 44.06 1510
10 11/04/95 T210.8 78.6 0.176 65.7 0.0166 0.0724 0.7055 123
11 11/04/95 T210.0 13.5 1.57 3.01 0.0045 0.0187 7.302 1360
12 11/04/95 T210.0 LD 13.5 1.57 2.94 0.0058 0.0191 7.324 1380
13 11/04/95 BF207.3 205 0.422 47.3 0.0836 0.4692 14.03 544
14 11/04/95 T206.1 107 0.166 65.9 0.0002 0.0613 0.4708 138
15 11/05/95 BF203.3 62.7 0.342 95.0 0.2337 0.4744 2.868 423
16 11/05/95 BF203.3 LD 63.1 0.341 93.9 0.2266 0.4607 2.958 418
17 11/04/95 BF200.5 52.3 0.168 70.3 0.0819 0.1644 1.387 175
18 11/04/95T199.8 59.8 0-446 65.4 0.0043 0.1723 0.9154 356
19 11/04/95 BF198.1 54.9 0.313 68.3 0.0625 0.1819 1.459 256
20 11/04/95T198.1 58.8 0.093 65.0 •0.0005 0.0788 0.7284 161
21 11/05/95T198.1 DD 51.5 0.109 65.2 0.0005 0.0792 0.7166 151
22 11/04/95 BF196.6 55.8 0.102 56.9 0.0250 0.1186 1.087 146
23 11/05/951196.6 73.2 0.067 182 0.0028 0.0384 0.6326 74.4
24 11/05/95T 196.0 81.1 0.071 83.7 0.0017 0.0794 0.2862 106
25 11/04/95 6F193.2 45.9 0.178 70.8 0.0391 0.1270 0.8612 203
26 11/04/95 BF192.4 75.9 0.131 78.3 -0.0039 0.0939 0.2602 139
27 11/05/95 BF190.0 53.0 0.110 58.2 0.0316 0.1051 0.9318 155
28 11/04/95 BF188.4 49.3 0.120 66.4 0.0304 0.0969 0.7616 155
29 11/05/95 BF188.4DD 49.5 0.117 67.8 0.0311 0.0997 0.8162 158
30 11/04/95 BF187.7 51.1 0.119 64.4 0.0175 0.1005 0.8429 153
31 11/05/95T187.3 87.2 0.318 163 0.0057 0.0868 0.4293 158
32 11/04/95 BF186.6 45.1 0.126 228 0.0039 0.0631 0.3465 118
33 11/05/95 BF186.6 DD 42.0 0.110 220 0.0022 0.0577 0.3419 109
34 11/05/95 T186.5 86.9 0.164 67.8 -0.0013 0.0814 0.2858 138
35 11/04/95 8F168.5 1 47.8^ 0.161 201 0.0043 0.0696 0.4502 118
36 11/04/95 BF168.5 DD 52.3 0.163 206 0.0018 0.0716 0.4621 127
37 11/04/95BF164.5 34.2 1 0.117 229 -0.0007 0.0551 0.4457 96.2
38 11/04/95BF153.3 56.4 0.146 212 0.0002 0.0683 0.4254 132
39 11/04/95BF153.3DD 42.6 0.117 214 •0.0011 0.0643 0.4293 110
40 11/04/95BF 136.9 36.7 0.109 183 •0.0020 0.0543 0.3503 92.0
41 11/05/95 BF136.9DD 37.9 0.064 187 -0.0001 0.0585 0.3690 95.9
42 11/04/95BF74.4 56.5 0.178 366 •0.0003 0.0529 0.2946 125
43 11/04/95 BF21.8 48.6 0.087 289 •0.0002 0.0537 0.2618 95.9
44 11/04/95 BF21.8 LD 48.2 0.084 290 •0.0009 0.0519 0.3003 96.4
45 11/04/95 BF21.8 LD 48.2 0.123 294 -0.0023 0.0521 0.2755 96.7
46 11/04/95BF21.8LD 48.0 0.091 295 -0.0005 0.0519 0.2656 97.9
47 11/04/95 BF21.8LD 48.0 0.118 289 -0.0014 0.0515 0.2961 96.2
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1 J K 1 L M N 0 P Q R
1
2 Mg 2791 Mn 2577 Na 5900 Ni 2317 P2150 Pb 2209 Sr4216 Ti 3350 Zn2139 K 1100
3 0.1 0.005 0.1 0.02 0.2 0.1 0.005 0.005 0.005 3
4
5 1.08 8.015 0.042 0.098 0.87 3.47 0.0360 0.0237 152.9 0.2031
6 9.44 72.88 0.273 0.886 k-3.0 30.2 0.3402 0.2241 k881.4 2.325
7 40.2 5.977 0.618 0.093 13 0.568 0.3850 0.9238 1.082 8.058
8 37.6 12.06 0.450 0.208 9.0 2.80 0.2363 1.827 16.90 9.162
9 44.6 225.6 0.464 0.729 11 44.5 0.3069 0.9029 306.2 7.771
10 41.0 3.864 0.497 0.121 8.7 0.973 0.2191 1.508 3.552 7.900
11 0.371 0.2184 6.60 0.009 3.6 142 0.0899 0.5489 1.896 60.64
12 0.329 0.2063 6.58 0.006 3.6 143 0.0897 0.5519 1.910 60.23
13 34.5 46.69 0.552 0.480 9.6 1.61 0.2750 1.718 30.22 9.790
14 40.1 4.913 0.364 0.108 9.3 0.339 0.1926 1.465 0.6641 6.913
15 43.8 171.3 0.423 0.367 12 2.23 0.2410 1.129 47.35 6.591
16 44.3 165.2 0.423 0.349 12 2.24 0.2387 1.119 47.39 6.548
17 30.1 34.66 0.489 0.265 13 1.07 0.2668 1.009 24.42 5.248
18 26.6 31.04 0.340 0.128 9.4 0.405 0.2858 1.168 1.512 5.281
19 27.8 36.08 0.496 0.203 14 1.20 0.3324 1.076 17.39 6.375
20 39.6 4.722 0.469 0.111 9.7 0.235 0.1688 1.357 0.6155 7.833
21 35.4 4.830 0.419 0.115 9.4 0.226 0.1640 1.387 0.5645 6.846
22 30.2 8.182 0.424 0.148 10 0.536 0.2091 1.363 7.365 5.862
23 31.8 5.939 0.903 0.082 13 0.184 0.6055 1.166 0.6977 7.219
24 17.7 10.77 0.771 0.133 8.7 0.284 2.695 1.007 0.6617 7.317
25 27.8 23.40 0.517 0.149 14 0.502 0.3095 1.109 14.33 7.749
26 34.5 11.90 0.953 0.297 12 0.240 1.567 0.9840 0.6045 8.686
27 28.9 9.039 0.500 0.155 12 0.534 0.3164 1.211 9.585 6.325
28 28.6 7.591 0.567 0.145 14 0.437 0.3471 1.187 10.31 7.104
29 28.7 7.683 0.576 0.142 14 0.448 0.3500 1.230 10.53 7.279
30 29.3 8.899 0.488 0.135 11 0.450 0.3491 1.171 6.225 6.297
31 64.4 14.81 0.919 0.097 9.5 0.693 0.1909 2.339 1.052 11.78
32 68.7 7.735 0.506 0.081 8.5 0.292 0.2394 1.056 2.269 6.550
33 66.1 7.423 0.458 0.074 8.0 0.261 0.2361 1.025 2.106 5.737
34 34.9 3.819 0.696 0.321 9.8 0.208 0.9438 1.080 0.5394 8.359
35 67.6 8.501 0.495 0.087 8.7 0.294 0.2438^ 1.151 1.086 6.540
36 71.2 8.638 0.533 0.094 8.9 0.307 0.2454 1.235 1.130 7.205
37 67.9 4.526 0.405 0.065 8.7 0.237 0.2368 0.9072 1.032 5.044
38 78.0 5.520 0.519 0.092 9.1 0.252 0.2409 1.199 1.012 7.816
39 66.1 5.551 0.457 0.082 8.8 0.227 0.2388 1.032 0.9569 6.220
40 62.1 4.332 0.379 0.062 8.6 0.184 0.1921 0.8557 0.6654 4.837
41 63.3 4.560 0.399 0.071 8.6 0.214 0.2001 1.006 0.6801 4.863
42 65.0 3.028 0.631 0.076 8.1 0.258 0.3045 1.242 0.6194 7.666
43 61.5 4.550 0.560 0.074 8.7 0.222 0.2985 1.098 0.5375 6.920
44 60.9 4.516 0.535 0.078 8.6 0.225 0.2969 1.094 0.5640 6.751
45 61.5 4.423 0.558 0.075 9.1 0.238 0.2920 1.083 0.7436 7.018
46 60.9 4.551 0.573 0.074 8.9 0.204 0.2963 1.091 0.5543 6.980
47 61.3 4.384 0.550 0.071 8.9 0.218 0.2903 1.075 0.5743 7.016
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
150
APPENDIX 17: RAW ICAPES DATA FOR AUGUST 1995
The raw data (before being multiplied by the dilution factor) is reported for 
each sample analyzed. The element at the head of the column is followed by 
a number representative of the wavelength at which the element was recorded 
by the ICAPES.
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A B c D E F 1 G H 1 1 1 J
1 RAW ICAPES DATA FOR AUGUST 1995 concentrations in \d3/mi)
2 AI 3083 As 1937 Ca 3180 Cd2289 Co 2287 Cu3248 Fe 2600 Mg 2791 Mn 2577
3 Detection Limits» 0.07 0.07 0.1 0.01 0.03 0.01 0.03 0.1 0.005
4
5 0 8 /1 2 /9 5  SOITX 102 0.522 78.5 0.0263 0.1507 0.7648 243 53.7 17.96
6 0 8 /1 2 /9 5  SOITY 110 0.401 86.1 0.0225 0.1363 0.7137 252 59.8 21.30
7 0 8 /1 2 /9 5  S01T2 114 0.617 75.8 0.0229 0.1460 0.7701 262 56.6 17.24
8 0 8 /1 2 /9 5  S02X 103 2.48 66.9 0.5264 0.3757 21.85 837 46.1 100.9
9 0 8 /1 2 /9 5  S02Y 120 2.38 70.4 0.4362 0.3169 20.61 851 57.4 75.57
10 0 8 /1 2 /9 5  S02Z 88.2 2.53 78.2 0.4708 0.3519 21.33 863 51.1 83.51
11 0 8 /1 2 /9 5  S02ZLD 84.4 2.57 78.0 0.4742 0.3476 21.29 871 49.1 82.78
12 0 8 /1 2 /9 5  S02.5X 151 0.539 46.4 0.2044 0.2984 9.302 551 36.6 32.79
13 0 8 /1 2 /9 5  S02.5Y 173 0.855 56.2 0.4210 0.5936 15.93 689 30.8 79.08
14 0 8 /1 2 /9 5  S02.5Z 265 0.817 60.2 0.4773 0.5070 24.54 1090 29.8 71.53
15 0 8 /1 2 /9 5  S03X 71.4 0.448 70.1 0.3196 0.4608 3.038 586 31.5 194.2
16 0 8 /1 2 /9 5  S03X LD 71.3 0.417 69.6 0.3196 0.4581 3.032 585 31.5 192.4
17 0 8 /1 2 /9 5  S03Y 61.1 0.284 47.4 0.1971 0.2629 1.830 302 24.7 97.95
18 0 8 /1 2 /9 5  S03Z 55.4 0.188 54.6 0.1170 0.2320 1.596 295 29.8 67.15
19 0 8 /1 2 /9 5  S04TX 58.5 0.091 69.4 0.0017 0.0905 0.7228 213 42.6 8.489
20 0 8 /1 2 /9 5  S04TY 57.9 0.159 70.9 0.0035 0.0991 0.7673 195 41.0 8.885
21 0 8 /1 2 /9 5  S04TZ 45.9 0.108 62.5 0.0037 0.0804 0.6292 153 35.2 7.925
22 0 8 /1 2 /9 5  S05X 67.7 0.160 60.0 0.0244 0.1157 1.024 226 35.6 9.712
23 0 8 /1 2 /9 5  S05Y 64.0 0.257 71.1 0.0351 0.1368 0.8723 265 37.1 17.81
24 0 8 /1 2 /9 5  S05Z 50.9 0.204 62.9 0.0306 0.1094 0.7373 194 32.6 13.19
25 0 8 /1 2 /9 5  S06TX 37.7 0.168 352 0.0024 0.0552 0.2782 116 86.0 4.616
26 0 8 /1 2 /9 5  S06TY 44.8 0.093 332 0.0019 0.0542 0.2883 127 92.2 4.101
27 0 8 /1 2 /9 5  S06TZ 44.5 0.133 321 0.0020 0.0573 0.2747 121 89.6 4.375
28 0 8 /1 2 /9 5  S07X 54.3 0.113 295 0.0053 0.0714 0.3858 158 87.1 6.392
29 0 8 /1 2 /9 5  S07Y 45.3 0.161 259 0.0072 0.0668 0.3824 138 73.2 5.832
30 0 8 /1 2 /9 5  S07Z 39.8 0.159 318 0.0033 0.0537 0.2786 129 86.3 4.323
31 0 8 /1 2 /9 5  S08X 55.8 0.189 220 0.0050 0.0722 0.4544 152 80.1 7.977
32 0 8 /1 2 /9 5  S08Y 44.3 0.161 239 0.0052 0.0663 0.4327 130 75.5 5.324
33 0 8 /1 2 /9 5  S08Z 54.5 0.100 215 0.0043 0.0642 0.4234 139 83.1 4.756
34 0 8 /1 2 /9 5  S08Z DD 59.1 0.175 233 d o & M 0.0685 0.4311 155 87.3 5.072
35 0 8 /1 2 /9 5  S08.5X 56.6 0.166 208 0.0046 0.0715 0.4377 151 80.9 6.836
36 0 8 /1 2 /9 5  S08.SY ^ 50.9 0.151 212 0.0040 0.0675 0.3952 134 77.5 5.115
37 0 8 /1 2 /9 5  S08.5Z 44.9 0.141 210 0.0045 0.0657 0.3842 133 73.6 7.791
38 08 /1 2 /9 5  S09X 51.1 0.131 201 0.0042 0.0668 0.4145 125 71.5 5.517
39 08 /1 2 /9 5  S09Y 46.0 0.132 210 0.0033 0.0612 0.3642 122 71.4 4.348
40 08 /1 2 /9 5  S09Z 54.9 0.138 218 0.0028 0.0680 0.3827 141 78.2 6.119
41 08 /1 2 /9 5  SI OTX 74.9 0.151 119 0.0027 0.0775 0.2800 144 80.4 5.277
42 0 8 /1 2 /9 5  SIOTXDD 69.9 0.171 121 0.0023 0.0776 0.2682 144 76.5 5.207
43 0 8 /1 2 /9 5  S10TY 78.7 0.105 130 0.0024 0.0755 0.2433 141 72.7 5.066
44 0 8 /1 2 /9 5  SIOTZ 65.8 0.055 148 0.0010 0.0603 0.1892 106 53.4 9.481
45 0 8 /1 3 /9 5  S IITX 62.4 0.146 277 0.0032 0.0626 0.3881 132 108 5.972
46 0 8 /1 3 /9 5  S11TY 47.0 0.128 288 0.002S 0.0509 0.3125 111 86.8 6.526
47 08 /1 3 /9 5  S11TZ 54.7 0.126 278 0.0018 0.0566 0.3667 119 99.1 4.492
48 08 /1 3 /9 5  S12X 55.2 0.117 185 0.0041 0.0559 0.2904 120 68.2 4.954
49 0 8 /1 3 /9 5  S12X LD 53.2 0.152 189 0.0027 6.0572 0.2782 126 66.4 5.019
50 0 8 /1 3 /9 5  S12XLD 54.6 0.142 188 0.ÙU26 0.0600 0.2846 128 68.0 4.982
51 0 8 /1 3 /9 5  S12XLD 54.2 0.134 187 0.0037 0.0561 0.2764 126 67.4 4.981
52 0 8 /1 3 /9 5  S12Y 43.7 0.110 197 0.0028 0.0495 0.2169 104 60.1 3.500
53 0 8 /1 3 /9 5  SI 22 40.7 0.110 178 0.0030 0.0493 0.2507 101 58.5 4.032
54 0 8 /1 3 /9 5  S13TX 66.4 0.099 75.5 0.0018 0.0346 0.1520 109 36.3 2.685
55 0 8 /1 3 /9 5  S13TY 82.7 0.086 76.3 0.0006 0.0333 0.1579 85.4 41.2 3.667
56 0 8 /1 3 /9 5  S13TZ 83.3 0.073 60.8 0.0025 0.0413 0.1423 111 42.0 3.550
57 0 8 /1 3 /9 5  S14X 42.5 0.088 299 0.0028 0.0526 0.2500 107 64.8 4.049
58 0 8 /1 3 /9 5  S14Y 55.9 0.104 277 0.0020 0.0594 0.2611 130 75.7 3.697
59 0 8 /1 3 /9 5  S14Y 00 49.9 0.117 281 0.0026 0.0573 0.2558 122 71.2 3.714
60 0 8 /1 3 /9 5  S14Z 41.3 0.114 269 0.0021 0.0479 0.2055 108 65.0 3.075
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K L M N 0 P Q R
1
2 Na 5900 Ni 2317 P2150 Pb2209 Sr4216 Ti 3350 Zn 2139 K 1100
3 0.1 0.02 0.2 0.1 0.005 0.005 0.005 3
4
5 0.523 0.162 9.7 1.52 0.2505 1.534 3.572 9.689
6 0.610 0.161 11 1.43 0.2840 1.570 3.433 12.51
7 0.605 0.167 10 1.41 0.2499 1.593 3.263 10.55
8 0.514 0.432 9.6 47.7 0.1949 1.357 137.5 9.768
9 0.478 0.380 9.3 48.9 0.2094 1.630 116.1 11.41
10 0.432 0.371 9.4 49.6 0.1802 1.384 118.6 8.124
11 0.447 0.376 9.7 47.6 0.1784 1.346 116.6 8.254
12 0.365 0.270 10 9.97 0.2097 1.532 46.91 7.664
13 0.420 0.439 12 12.7 0.2360 1.486 94.82 7.622
14 0.362 0.388 11 17.3 0.2678 1.176 110.5 5.460
15 0.434 0.378 15 2.34 0.2331 1.130 68.63 8.288
16 0.433 0.369 15 2.34 0.2322 1.125 68.29 8.252
17 0.361 0.291 8.8 1.49 0.1862 1.348 47.02 6.923
18 0.356 0.202 7.3 1.16 0.1497 1.071 26.42 5.539
19 0.428 0.127 8.7 0.238 0.1885 1.455 0.5912 8.073
20 0.494 0.133 8.2 0.259 0.1828 1.429 0.5726 8.011
21 0.427 0.110 7.9 0.207 0.1518 1.291 0.4786 6.087
22 0.502 0.172 9.7 0.496 0.2621 1.338 9.160 7.900
23 0.613 0.186 14 0.561 0.2952 1.457 14.52 9.564
24 0.566 0.156 11 0.485 0.2461 1.445 10.83 7.613
25 0.443 0.073 5.9 0.183 0.2448 0.8312 0.4112 5.381
26 0.451 0.077 6.3 0.260 0.2409 0.9524 0.4557 6.744
27 0.451 0.083 5.6 0.215 0.2341 0.9193 0.4335 5.584
28 0.521 0.106 7.2 0.274 0.2704 1.017 2.903 8.046
29 0.504 0.101 7.2 0.274 0.2443 0.9354 3.073 6.649
30 0.495 0.088 8.6 0.195 0.2478 0.9419 2.022 6.848
31 0.573 0.109 8.0 0.293 0.2643 1.130 1.602 7.870
32 0.548 0.101 7.8 0.261 0.2447 1.037 1.667 6.110
33 0.520 0.100 7.8 0.256 0.2442 1.121 1.570 7.557
34 0.563 0.117 9.2 0.273 0.2569 1.236 1.635 8.417
35 0.573 0.112 8.0 0.263 0.2342 1.179 1.291 7.607
36 0.618 0.107 7.7 0.246 0.2221 1.133 1.244 6.999
37 0.525 0.094 7.6 0.238 0.2331 1.014 1.203 6.031
38 0.519 0.101 7.4 0.273 0.2619 1.032 0.8256 6.463
39 0.526 0.096 8.1 0.220 0.2575 1.062 0.7572 5.901
40 0.636 0.109 7.8 0.238 0.2665 1.203 0.8589 7.265
41 1.49 0.145 5.7 0.221 0.4923 1.127 0.4774 16.42
42 1.47 0.136 5.8 0.210 0.4916 1.143 0.4619 16.15
43 1.68 0.156 7.5 0.207 0.6229 1.351 0.4948 17.73
44 1.69 0.127 9.6 0.158 0.7631 1.266 0.4190 16.00
45 0.732 0.090 7.2 0.271 0.2213 1.149 0.4765 7.389
46 0.684 0.074 6.6 0.207 0.2174 1.095 0.4011 6.677
47 0.696 0.083 6.9 0.213 0.2123 1.107 0.4329 6.861
48 0.589 0.088 8.3 0.193 0.2314 1.105 0.5826 7.284
49 0.617 0.096 8.5 0.184 0.2315 1.104 0.5783 7.953
50 0.608 0.092 8.5 0.195 0.2318 1.110 0.6106 7.870
51 0.605 0.091 8.4 0.193 0.2316 1.100 0.5768 7.724
52 0.525 0.078 7.9 0.137 0.2236 1.027 0.4800 6.183
S3 0.529 0.068 7.7 0.176 0.2076 0.9670 0.4944 5.723
54 0.481 - 0.080 11 0.198 0.1449 0.9101 0.3483 6.762
55 0.448 0.086 9.9 0.201 0.1452 0.8277 0.3316 6.239
56 0.397 0.088 7.9 0.197 0.1226 0.7831 0.3268 4.804
57 0.632 0.078 8.2 0.167 0.3030 0.9972 0.5309 6.424
58 0.760 0.087 8.6 0.174 0.2987 1.177 0.5924 9.289
59 0.739 0.083 8.6 0.179 0.2951 1.106 0.5692 8.859
60 0.602 0.077 8.7 0.148 0.2716 1.019 0.4692 5.668
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APPENDIX 18: RAW ICAPES DATA FOR OCTOBER 1995
The raw data (before being multiplied by the dilution factor) is reported for 
each sample analyzed. The element at the head of the column is followed by 
a number representative of the wavelength at which the element was recorded 
by the ICAPES.
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A 1 B c D _ E F G .....H.......
1
2 Al 3082 As 1936 C a3179 Cd2288 Co 2286 C u3247 Fe 2599
3 Detection L im its» 0.07 0.07 0.1 0.01 0.03 0.01 0.03
4
5 0 9 /3 0 /9 5  T21 5j0 75.8 1.72 34.3 0.2074 0.1476 15.33 578
6 0 9 /3 0 /9 5  T215.0DD 71.9 1.64 33.6 0.1952 0.1425 14.23 544
7 0 9 /3 0 /9 5  BF212.9 83.7 2.13 80.5 0.2600 0.2817 8.134 611
8 0 9 /3 0 /9 5  SOITX 112 0.592 77.8 0.0190 0.1292 0 .7474 240
9 0 9 /3 0 /9 5  SOITY 104 0.595 82.8 0.0190 0 .1239 0.7019 223
10 0 9 /3 0 /9 5  SOI TZ 112 0.591 75.0 0.0204 0.1328 0.7951 235
11 0 9 /3 0 /9 5  S01TZLD 111 0.607 75.5 0.0200 0.1338 0 .7680 243
12 0 9 /3 0 /9 5  S01TZLD 108 0.631 75.0 0.0212 0.1341 0.7648 243
13 0 9 /3 0 /9 5  S01TZLD 107 0.667 75.9 0.0198 0.1345 0.7641 244
14 0 9 /3 0 /9 5  S02X 133 2.35 66.5 0.3341 0.3115 15.05 739
15 0 9 /3 0 /9 5  S02Y 120 2.78 77.6 0.4423 0.3653 18.33 855
16 0 9 /3 0 /9 5  S02Z 109 3.00 77.9 0.5573 0.3888 21.02 894
17 0 9 /3 0 /9 5  BF211.2 118 2.73 92.0 0.5583 0.3942 20.53 887
18 0 9 /3 0 /9 5  BF211.0 119 3.55 157 0.9281 0.5207 32.34 1190
19 0 9 /3 0 /9 5  T 210.6 15.4 2.25 0.971 0.0081 -0 .0 0 3 ^ 2.639 1900
20 0 9 /3 0 /9 5  T210.0 94.0 0.284 169 0.2692 0.1416 1.851 489
21 0 9 /3 0 /9 5  S02.SX 148 0.635 44.9 0.1098 0.2468 6.213 438
22 0 9 /3 0 /9 5  S02.5Y 218 1.13 54.3 0.2784 0.4165 14.85 729
23 0 9 /3 0 /9 5  S02.SZ 265 1.21 57.0 0 .4818 0 .4458 26.79 1110
24 0 9 /3 0 /9 5  BF206.8 183 0.693 45.0 0.1694 0.4776 10.37 561
25 0 9 /3 0 /9 5  T206.1 134 0.291 85.6 0.0048 0.0822 0.5959 175
26 0 9 /3 0 /9 5  T206.1DD 83.8 0.155 51.5 0.0035 0.0524 0.3171 113
27 0 9 /3 0 /9 5  S03X 65.9 0.515 67.5 0.3275 0.5117 2.600 712
28 0 9 /3 0 /9 5  S03Y 66.6 0.269 43.1 0.1337 0.2097 1.366 264
29 0 9 /3 0 /9 5  S03Z 85.1 0.500 53.6 0.1635 0 .3939 3.374 438
30 0 9 /3 0 /9 5  BF200.5 76.3 0.307 77.2 0.1043 0 .1984 1.603 265
31 0 9 /3 0 /9 5  S04TX 64.8 0.166 72.5 0.0031 0.0968 0.7643 203
32 0 9 /3 0 /9 5  S04TY 75.2 0.248 69.9 0.0023 0.1057 0.8868 221
33 0 9 /3 0 /9 5  S04TZ 63.1 0.128 64.6 0.0032 0.0861 0.7660 163
34 0 9 /3 0 /9 5  BF198.1 69.4 0.247 64.3 0.0273 0 .1414 1.044 230
35 0 9 /3 0 /9 5  BF196.6 75.3 0.202 61.4 0.0235 0 .1364 1.044 220
36 0 9 /3 0 /9 5  S05X 80.3 0.278 66.6 0.0229 0.1236 1.038 246
37 0 9 /3 0 /9 5  S05Y 76.8 0.263 71.5 0.0327 0.1387 1.181 244
38 0 9 /3 0 /9 5  S05Z 53.5 0.271 69.4 0 .0296 0.1075 0.7682 192
39 0 9 /3 0 /9 5  T I 92.4 90.8 0.306 99.8 0.0016 0 .1370 0.2860 248
40 0 9 /3 0 /9 5  BF 190.0 70.5 0.304 78.2 0.0355 0.1411 0.8854 270
41 0 9 /3 0 /9 5  BF188.4 67.7 0.199 59.4 0.0243 0.1114 0.8621 186
42 0 9 /3 0 /9 5  BF187.7 56.0 0.235 345 0.0032 0.0665 0.4243 136
43 0 9 /3 0 /9 5  S06TX 39.6 0.233 . 398 0.0023 0.0591 0.3193 122
44 0 9 /3 0 /9 5  S06TY 50.5 0.211 345 0.0014 0.0625 0.3104 136
45 0 9 /3 0 /9 5  S06TZ 53.3 0.379 349 0.0022 0 .0706 0.3630 150
46 0 9 /3 0 /9 5  S07X 54.4 0.318 341 0.0048 0.0764 0.4152 158
47 0 9 /3 0 /9 5  S07Y 76.6 0.442 371 0.0074 0.0960 0.5505 204
48 0 9 /3 0 /9 5  S07YLD 76.5 0.395 371 0.0063 0.0962 0.5487 204
49 0 9 /3 0 /9 5  S07Z 56.5 0.302 248 0.0049 0.0773 0.4443 168
50 0 9 /3 0 /9 5  S08X 49.4 0.150 224 0.0044 0.0670 0.3812 127
51 0 9 /3 0 /9 5  S08Y 44.0 0.160 237 0.0057 0.0624 0.4274 119
52 0 9 /3 0 /9 5  S08Z 53.3 0.257 170 0.0040 0.0681 0.4255 142
53 0 9 /3 0 /9 5  BF164.5 56.8 0.318 296 0.0032 0 .0710 0.3679 150
54 0 9 /3 0 /9 5  S08.5X 53.5 0.292 227 0.0026 0.0762 0.4155 149
55 0 9 /3 0 /9 5  S08.5Y 48.8 0.247 234 0.0040 0 .0737 0.4674 136
56 0 9 /3 0 /9 5  S08.5Z 57.1 0.265 283 0.0029 0.0762 0.4184 157
57 0 9 /3 0 /9 5  S08.5ZDD 50.3 0.168 263 0.0040 0 .0720 0 .4044 129
58 0 9 /3 0 /9 5  BF136.9 57.2 0.142 r 211 0.0039 0.0733 0.3562 137
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1 J K L M N 0 P Q 1 R
1
2 Mg 2790 Mn 2576 Na 5899 Ni 2316 P 2149 P b2208 Sr42T5 Ti 3349 Zn2138 K 1100
3 0.1 0.005 0.1 0.02 0.2 0.1 0.005 0.005 0.005 3
4
5 34.0 38.81 0.570 0.223 9.1 97.1 0.1915 1.586 70.27 10.64
6 32.8 37.41 0.523 0.212 8.9 92.7 0.1812 1.585 67.02 9.811
7 53.2 50.70 0.561 0.281 9.4 23.2 0.2730 1.489 76.96 10.26
8 57.0 17.04 0.647 0.159 11 1.34 0.2724 1.706 3.146 13.11
9 54.8 18.18 0.642 0.152 11 1.57 0.2772 1.506 3.453 13.05
10 56.9 14.77 0.622 0.158 11 1.46 0.2622 1.785 3.316 12.51
11 56.3 14.76 0.646 0.167 10 1.47 0.2589 1.768 3.406 12.32
12 55.1 14.63 0.639 0 .159 10 1.42 0.2563 1.745 3.415 12.13
13 54.4 14.74 0.643 0.163 10 1.40 0.2558 1.744 3.359 11.84
14 57.6 64.36 0.748 0.364 11 32.9 0.2978 1.399 102.5 17.19
15 56.6 82.51 0.596 0 .414 10 40.6 0.2396 1.418 112.4 14.14
16 50.0 93.22 0.493 0.445 9.9 45.3 0.2263 1.396 120.0 10.39
17 61.3 96.53 0.661 0.456 11 35.1 0.2480 1.256 127.8 14.23
18 81.8 123.6 0.453 0.613 12 36.6 0.2866 1.172 177.6 8.605
19 0.568 -0.4451 2.38 -0.004 3.4 16.9 0.1267 0.9384 0.8473 21.95
20 58.0 13.07 0.894 0.246 10 1.60 0.7100 1.942 13.10 15.78
21 41.2 22.58 0.499 0.254 9.7 5.88 0.2164 1.941 24.74 9.456
22 38.8 57.26 0.566 0.357 15 13.1 0.2908 1.660 60.67 13.30
23 28.3 68.80 0.432 0.391 12 14.7 0.2580 1.151 110.8 7.418
24 39.9 54.78 0.559 0.505 10 3.70 0.2638 2.000 56.58 11.87
25 53.1 6.554 0.469 0.142 11 0.422 0.2510 1.508 0.8068 10.15
26 35.6 3.946 0.318 0.094 8.0 0.271 0.1529 1.378 0.5551 6.119
27 31.0 294.9 0.543 0.470 15 1.75 0.2856 1.046 84.83 8.400
28 24.9 81.94 0.364 0.257 8.7 1.20 0.1814 1.630 32.81 7.964
29 33.6 113.4 0.450 0.317 10 2.59 0.2138 1.315 36.24 6.696
30 38.9 37.11 0.743 0.368 14 1.41 0.3388 1.219 37.03 9.410
31 43.4 8.799 0.483 0.139 9.0 0.292 0.1945 1.512 0.6541 9.678
32 47.1 9.732 0.560 0.144 8.7 0.302 0.2089 1.718 0.7061 11.01
33 43.3 5.699 0.469 0.131 8.0 0.232 0.1669 1.549 0.5652 9.530
34 36.9 17.96 0.612 0.173 11 0.644 0.2935 1.449 10.45 9.910
35 40.5 12.87 0.581 0.171 11 0.566 0.2378 1.618 7.329 9.693
36 39.7 13.02 0.622 0.177 11 0.526 0.3073 1.563 9.928 11.72
37 38.8 15.33 0.587 0.201 11 0.744 0.3339 1.310 13.20 10.12
38 32.3 10.67 0.621 0.160 13 0.427 0.2532 1.548 10.70 8.136
39 39.9 31.90 1.10 0.376 17 0.336 2.266 1 4 5 4 0.6908 10.22
40 39/4 22.88 0.780 0.201 IS 0.503 0.4493 1.420 12.62 11.12
41 36.6 7.767 0.722 0.177 12 0.480 0.3195 1.465 8.003 9.519
42 85.4 5.423 0.516 0.091 6.6 0.258 0.2424 1.132 0.5419 10.41
43 84.7 4.589 0.474 0.089 7.6 0.239 0.2675 0.8622 0.4774 8.040
44 91.8 4.636 0.509 0.095 6.7 0.212 0.2514 0.9917 0.4920 8.772
45 82.4 5.502 0.537 0.100 7.8 0.267 0.2282 1.262 0 .6178 9.020
46 78.8 6.663 0.608 0.108 8.6 0.302 0.2966 1.107 2.946 9.444
47 85.5 9.159 0.710 0.137 9.6 0.340 0.3324 1.464 3.719 12.61
48 85.5 9.180 0.718 0.136 9.6 0.339 0.3327 1.465 3.715 12.50
49 79.7 6.008 0.621 0.137 9.6 0.319 0.2477 1.284 2Ü 60 8.861
50 74.4 9.993 0.519 0.097 8.0 0.248 0.2634 1.136 1.362 8.762
51 74.4 5.910 0.485 0.096 7.9 0.270 0.2447 1.001 1.645 7.361
52 69.3 5.630 0.584 0.112 9.1 0.243 0.2198 1.229 1.286 8.318
53 77.6 6.752 0.720 0.113 10 0.249 0.2908 1.277 1.617 9.794
54 75.4 5.125 0.610 0.121 9.6 0.289 0.2190 1.200 1.407 8.493
55 70.1 5.422 0.548 0.112 9.0 0.269 0.2408 1.119 1.431 7.506
56 77.2 8.561 0.634 0.113 9.4 0.248 0.2844 1.220 1.457 9.770
57 73.1 8.027 0.531 0.102 8.2 0.268 0.2694 1.061 1.345 9.273
58 76.5 12.49 0.575 0.105 8.0 0.211 0.2399 1.213 1.035 8.717
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A 8 1 C D E F G H
59 0 9 /3 0 /9 5  S09X . 43.9 0.193 218 0.0019 0.0607 0.2997 127
60 0 9 /3 0 /9 5  S09Y 57.2 0.204 233 0.0028 0.0717 0.4308 144
61 0 9 /3 0 /9 5  S09Z 48.0 0.230 246 0.0024 0.0654 0.3623 129
62 0 9 /3 0 /9 5  51 OTX 90.7 0.220 140 0.0009 0.0881 0.3200 185
63 0 9 /3 0 /9 5  51 OTXDD 81.1 0.216 140 0 .0017^ 0.0848 0.3132 172
64 0 9 /3 0 /9 5  510TY 80.9 0.264 129 0.0010 0.0785 0.2451 145
65 0 9 /3 0 /9 5  SIOTZ 58.8 0.175 162 0.0015 0.0663 0.2039 98.7
66 0 9 /3 0 /9 5  S11TX 53.3 0.139 181 0.0020 0.0605 0.4361 109
67 0 9 /3 0 /9 5  S11TY 51.5 0.143 304 0.0012 0.0519 0.3711 119
68 0 9 /3 0 /9 5  511 TZ 64.4 0.287 281 0.0014 0.0598 0.3907 155
69 1 0 /0 1 /9 5  512X 51.4 0.114 178 0.0014 0.0477 0.2266 112
70 1 0 /0 1 /9 5  512Y 61.5 0.156 246 0.0011 0 .0567 0 .2458 137
71 1 0 /0 1 /9 5  512Z 49.2 0.117 183 0.0022 0.0481 0.2454 99.3
72 1 0 /0 1 /9 5  S12ZDD 57.8 0.113 187 0.0007 0.0537 0.2546 116
73 1 0 /0 1 /9 5  513TX 88.8 0.125 76.1 0.0015 0.0421 0.1305 128
74 1 0 /0 1 /9 5  513TY 80.5 0.090 83.7 0.0024 0.0310 0.1565 69.9
75 1 0 /0 1 /9 5  S13TZ 105 0.105 68.1 0 .0006 0 .0389 0.1649 115
76 0 9 /3 0 /9 5  BF21.8 50.2 0.078 340 0.0017 0.0483 0.2454 105
77 0 9 /3 0 /9 5  514X 54.1 0.106 324 0.001 5 0.0517 0.2664 112
78 0 9 /3 0 /9 5  514XLD 52.0 0.120 332 0.0014 0.0526 0.2472 115
79 0 9 /3 0 /9 5  514XLD 52.1 0.168 347 0.0028 0.0540 0 .2504 120
80 0 9 /3 0 /9 5  514XLD 49.3 0.219 359 0.0009 0.0567 0.2376 121
81 0 9 /3 0 /9 5  S14XLD 53.1 0.086 313 0.0035 0.0522 0.2816 107
82 0 9 /3 0 /9 5  514XLD 52.2 0.131 311 0.0020 0.0499 0.2368 106
83 0 9 /3 0 /9 5  514XLD 51.7 0.135 308 0.0034 0.0517 0.2300 104
84 1 0 /0 1 /9 5  514XDD 59.4 0.077 318 0.0020 0.0544 0 .2628 120
85 1 0 /0 1 /9 5  514Y 56.3 0.117 334 0 .0014 0.0537 0.2529 120
86 1 0 /0 1 /9 5  514Z 52.2 0.148 300 0.0020 0.0580 0.2387 140
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1 J K L M N 0 P 1 0  1 R
59 68.6 4.927 0.532 0.091 10 0.200 0.2539 1.212 0 .6904 , 7.176
60 74.8 4.789 0.607 0.122 8.8 0.260 0.2769 1.231 0.9617 9.121
61 69.9 6.605 0.570 0.102 8.8 0.224 0.2705 1.139 0.8465 : 7.904
62 94.1 i 6.822 1.43 0.166 5.3 0.223 0.4295 1.000 0.5892 ; 20.42
63 86.7 6.718 1.37 ^ 0.164 5.2 0.224 0.4198 1.149 0.5515 ' 18.52
64 65.7 5.099 1.68 0.174 8.4 0.190 0.6253 1.638 0.5210 17.83
65 52.2 8.629 1.64 0.135 9.9 0.158 0.7041 1.335 0.4226 j 14.70
66 88.2 5.594 0.959 0.092 7.3 0.209 0.2094 1.145 0.4456 8.054
67 87.7 4.174 0.643 0.083 7.6 0.213 0.2247 1.134 0.4202 8.424
68 103 5.428 0.972 0.118 8.5 0.239 0.2316 1.283 0.5294 9.940
69 62.7 3.279 0.653 0.077 8.8 0.157 0.2290 1.154 0.5510 8.142
70 78.2 5.745 0.771 0.099 9.6 0.169 0.2843 1.248 0 .6476 11.23
71 56.4 3.227 0.628 0.084 8.4 0.155 0.2302 1.136 0.5065 8.786
72 63.9 3.344 0.656 0.094 8.7 0.177 0.2396 1.333 0.5430 9.841
73 47.8 5.461 0.475 0.099 10 0.236 0.1472 0.8810 0.4801 8.088
74 40.3 3.175 0.554 0.084 10 0.224 0.1602 0.8071 0.3828 7.614
75 47.0 4.081 0.420 0.099 8.1 0.211 0.1361 0.8034 0.3176 6.653
76 74.4 2.591 0.706 0.086 9.2 0.171 0.3493 1.141 0.5418 9.060
77 76.4 3.811 0.800 0.089 9.1 0.172 0.3547 1.184 0.5908 10.78
78 73.7 3.855 0.800 0.089 9.3 0.176 0.3444 1.167 0.6038 10.55
79 73.3 4.004 0.801 0.089 10 0.161 0.3570 1.204 0.6197 10.38
80 70.0 4.035 0.805 0.097 11 0.178 0.3395 1.178 0.6524 10.26
81 74.8 3.672 0.758 0.086 8.9 0.184 0.3381 1.143 0.5820 10.68
82 73.5 3.607 6.760"^ 0.088 9.2 0.183 0.3336 1.131 0.6046 10.31
83 72.9 3.563 0.772 0.085 9.2 0.171 0.3308 1.118 0.5993 10.30
84 79.9 3.783 0.833 0.096 9.0 . 0.197 0.3508 1.249 0.6066 11.47
85 81.5 3.401 0.839 ^ 0.090 9.4 0.186 0.3639 1.218 0.6187 10.86
86 74.2 4.411 0.783 0.091 10 0.209 0.3090 1.194 0.6010 9.328
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APPENDIX 19: RAW ICAPES DATA FOR JANUARY 1996
The raw data (before being multiplied by the dilution factor) is reported for 
each sample analyzed. The element at the head of the column is followed by 
a number representative of the wavelength at which the element was recorded 
by the ICAPES.
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A B c D E F G H •
1 RAW ICAPES DATA FOR JANUARY 1996  (concentrations in (*g/ml)
2 A! 3082 As 1936 C a3179 C d2288 Co 2286 Cu 3247 Fe 2599 Mg 2790
3 Detection L im its» 0.07 0.07 0.1 0.01 0.03 0.01 0.03 . 0.1
4
5 0 1 /1 3 /9 6  SOITX 97.6 0.497 80.1 0.0196 0 .1337 0.6592 234 51.8
6 0 1 /1 3 /9 6  SOITY 96.5 0.521 89.8 0.0232 0 .1424 0.6944 251 53.1
7 0 1 /1 3 /9 6  S01TZ 92.2 0.558 83.4 0.0219 0 .1507 0.7363 251 49.8
8 0 1 /1 3 /9 6  S02X 113 2.02 69,0 0.4240 0.4226 17.86 699 42.8
9 0 1 /1 3 /9 6  S02Y 143 2.11 65.2 0.4076 0 .3717 19.15 759 55.3
10 0 1 /1 3 /9 6  S022 122 2.73 72.5 0.3975 0.3011 17.99 881 56.0
11 0 1 /1 3 /9 6  S02ZDD 126 2.82 74.2 0 .4044 0.3073 18.33 913 57.8
12 0 1 /1 3 /9 6  S05XY 70.0 0.278 83.5 0.0378 0.1368 1.009 299 40.6
13 0 1 /1 3 /9 6  S05XYDD 73.5 0.288 85.1 0.0358 0.1388 1.021 307 42.3
14 0 1 /1 3 /9 6  S05Z 52.9 0.200 71.0 0.0448 0.1155 0.7746 241 32.7
15 0 1 /1 3 /9 6  S06TX 54.1 0.181 309 0.0004 0.0682 0.3327 153 92.0
16 0 1 /1 3 /9 6  S06TY ^ 50.3 "1 0.121 ^ 342 0 .0000 0.0579 0.2641 139 100
17 0 1 /1 3 /9 6  S06T2 47.0 0.126 317 ■0.0015 0.0526 0.2762 121 83.0
18 0 1 /1 3 /9 6  S07X 63.6 0.207 365 0 .0064 0.0732 0.4954 174 82.2
19 0 1 /1 3 /9 6  S07Y 37.5 Ô.170 306 0.0052 0.0621 0.4640 138 62.2
20 0 1 /1 3 /9 6  S07Z 56.7 0,177 244 0.0047 0.0734 0.4992 174 79.1
21 0 1 /1 3 /9 6  SOBX 41.6 0.107 232 0 .0010 0.0473 0.3528 104 58.1
22 0 1 /1 3 /9 6  SOSXDD 42.0 0.107 235 0 .0006 0.0490 0 .3 532^ 105 58.8
23 0 1 /1 3 /9 6  S08Y 42.8 0.102 226 0.0027 0.0540 0.3451 119 72.2
24 0 1 /1 3 /9 6 S 0 8 Z 48.7 0.120 196 0.0012 0.0546 0.3137 126 74.1
25 01 /1 3 /9 6  S08.5X 53.0 0.104 225 0.0011 0.0609 0.3683 131 74.6
26 0 1 /1 3 /9 6  S08.5Y 50.4 0.100 250 0.0025 0.0621 0.3621 132 72.6
27 0 1 /1 3 /9 6  S08.5Z 50.9 0.113 292 0.0024 0.0635 0.3459 138 72.8
28 0 1 /1 4 /9 6  S11TX 57.3 0.110 333 0.0015 0.0615 0.3373 135 99.4
29 0 1 /1 4 /9 6  S11TY 59.7 0.099 341 0.0016 0.0530 0.3342 132 105
30 0 1 /1 4 /9 6  S11TZ 51.8 0.130 294 0.0001 0.0520 0.3168 133 91.4
31 0 1 /1 4 /9 6  S12X 45.5 0 4 9 2 313 0.0014 0.0482 0.1971 109 59.1
32 0 1 /1 4 /9 6  SI 2Y 50.7 0.081 304 0-0005 0 .0494 0 .1906 111 60.3
33 0 1 /1 4 /9 6  S12Z 41.3 0.073 222 -0.0006 0.0401 0 .1770 93.0 57.6
34 0 1 /1 4 /9 6  SI 3TX 69.3 0.018 47.1 0.0010 0.0469 0.1185 101 49.0
35 0 1 /1 4 /9 6  S13TXLD 69.1 0.031 46.6 0.0023 0.0473 0.1185 101 48.9
36 0 1 /1 4 /9 6  S13TXL0 68.7 0.046 47.0 -0.0008 0.0445 0.1185 103 48.9
37 0 1 /1 4 /9 6  S13TXLD 67.4 0.041 46.5 -0.0001 0.0445 0.1181 102 48.1
38 0 1 /1 4 /9 6  S13TXLD 66.9 0.086 46.6 -0.0012 0.0425 0 .1208 103 47.8
39 01 /1 4 /9 6  SI 3TX10 67.0 0.077 47.7 -0.0011 0.0429 0.1212 105 48.1
40 0 1 /1 4 /9 6  S13TY 91.2 -0.033 67.0 0.0021 0.0352 ""O.l 336 80.2 42.9
41 0 1 /1 4 /9 6  S13TZ 112 0.021 78.4 0.0017 0.0397 0.1569 106 52.6
42 0 1 /1 4 /9 6  S14X 40.8 0.039 280 0.0009 0.0439 0.1782 91.8 59.0
43 0 1 /1 4 /9 6  S14Y 51.3 0.056 328 0.0010 0.0492 0.2223 101 57.6
44 0 1 /1 4 /9 6  S14Z 40.6 0.034 268 0.0011 0.0421 0 .1514 96.5 60.0
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J K L M N 0 P Q 1 R
1 1
2 Mn 2576 Na 5899 Ni 2316 P 2149 Pb2208 S r4215 Ti 3349 Z n2138 K1100
3 0.005 0.1 0.02 0.2 0.1 0.005 0.005 0.005 3
4
I
5 20.35 0.726 0.143 11 1.21 0.2752 1.576 3.219 10.68
6 27.84 0.728 0.150 12 1.24 0.3037 1.544 3.471 11.41
7 21.82 0.589 0 .144 11 1.39 0.2716 1.576 3.547 10.46
8 85.87 0.711 0.364 12 31.6 0.2417 1.352 113.9 12.92
9 73.29 0.776 0.384 12 36.4 0.2989 1.514 116.4 15.98
10 60.42 0.682 0.358 11 42.5 0.2411 1.478 104.8 13.60
11 61.39 0.713 0.371 12 43.2 0.2470 1.536 106.8 14.12
12 23.42 0.772 0.191 13 0.740 0.3914 1.438 15.63 11.19
13 23.82 0.810 0.198 13 0.759 0.3993 1.459 15.89 11.61
14 22.45 0.733 0.148 IS 0.462 0.3210 1.295 14.93 9.870
15 5.356 0.530 0.097 6.7 0.477 0.2464 1.073 0.5626 8.772
16 4.789 0.536 0.073 6.6 0.235 0.2591 1.041 0.4932 8.153
17 4.231 0.514 0.069 5.9 0.196 0.2402 1.073 0.4391 7.184
18 8.200 0.841 0.103 8.8 0.273 0.4351 1.146 4.206 11.47
19 6.872 0.620 0.081 8.3 0.243 0.3735 0.8508 3.491 6.767
20 6.487 0.625 0.106 8.2 0.291 0.3188 1.051 3.494 8.866
21 5.414 0.544 0.064 8.5 0.173 0.2902 1.039 0.9272 7.482
22 5.462 0.563 0.069 8.4 0.185 0.2920 1.055 0.9388 7.535
23 4.696 0.555 0.075 9.1 0.194 0.2582 1.067 1.302 6.958
24 3.238 0.578 0.077 9.0 0.180 0.2415 1.229 1.115 7.159
25 5.049 0.618 0.068 8.4 0.216 0.2642 1.187 1.108 8.355
26 6.618 0.611 0.091 8.6 0.196 0.2912 1.151 1.086 8.063
27 9.337 0.737 0.084 8.5 0.199 0.3584 1.137 1.129 8.622
28 11.07 0.756 0.084 7.5 0.274 0.2610 1.213 0.4803 8.205
29 4.545 0.782 0.079 7.5 0.233 0.2480 1.208 0.4570 8.605
30 8.856 0.785 0.076 7.6 0.225 0.2572 1.137 0.4160 7.316
31 8.099 0.846 0.066 9.0 0.150 0.3584 1.053 0.4619 8.383
32 7.838 0.761 0.069 9.3 0.128 0.3578 1.086 0.4452 9.769
33 5.211 0.754 0.058 8.1 0.122 0.2600 1.017 0.4050 7.694
34 9.217 0.440 0.095 9.2 0.182 0.0945 0.6470 0.3445 6.002
35 9.139 0.429 0.097 9.2 0.172 0.0940 0.6364 0.3444 6.005
36 9.101 0.460 0.089 9.1 0.157 0.0937 0.6305 0.3460 6.718
37 9.001 0.456 0.088 9.0 0.146 0.0922 0.6227 0.3443 6.589
38 9.013 0.468 0.091 9.1 0.150 0.0924 0.6215 0.3452 6.395
39 9.152 0.479 0.090 9.5 0.128 0.0934 0.6290 0.3608 6.304
40 2.724 0.533 0.082 8.7 0.164 0.1339 0.8721 0.3043 6.659
41 4.245 0.620 0.098 10 0.218 0.1554 1.032 0.3752 8.358
42 5.074 0.662 0.064 9.1 0.142 0.3028 1.084 0.4301 7.093
43 , 5.363 0.695 0.076 9.4 0.171 0.3579 1.201 0.4970 8.747
44 3.882 0.624 0.071 8.6 0.132 0.2817 1.075 0.4014 6.249
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
161
APPENDIX 20: RAW ICAPES DATA FOR FEBRUARY 1996
The raw data (before being multiplied by the dilution factor) Is reported for 
each sample analyzed. The element at the head of the column is followed by 
a number representative of the wavelength at which the element was recorded 
by the ICAPES.
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A 8 c D E F G H ■ J
1 RAW ICAPES DATA FOR FE8RUARY 1996 (concentrations In c/ml)
2 Al 3082 As 1936 Ca3179 Cd2288 Co 2286 Cu3247 Fe 2599 Mg 2790, Mn 2576
3 Detection Limits» 0.07 0.07 0.1 0.01 0.03 0.01 0.03 0.1 0.005
4
5 0 2 /2 3 /9 6  SOIX 111 0.529 83.5 0.0216 0.1421 0.6539 255 57.3 24.47
6 0 2 /2 3 /9 6  SOI Y 112 0.539 89.3 0.0229 0.1462 0.7061 269 57.8 25.82
7 0 2 /2 3 /9 6  S01Z 107 0.521 76.3 0.0192 0.1345 0.6607 247 54.3 18.09
e 0 2 /2 3 /9 6  SOI Z DO 99.2 0.539 81.2 0.0246 0.1454 0.7850 255 52.7 19.68
9 0 2 /2 3 /9 6  S02X 125 1.75 64.0 0.3822 0.3693 21.36 726 42.6 70.24
10 0 2 /2 3 /9 6  S02Y 138 1.84 59.6 0.3896 0.3519 18.73 694 49.3 73.75
11 0 2 /2 3 /9 6  S02Z 130 2.11 62.6 0.4415 0.3546 23.67 841 46.5 75.66
12 0 2 /2 3 /9 6  S02.SX 271 0.771 52.8 0.4599 0.6890 22.10 1040 27.5 108.0
13 0 2 /2 3 /9 6  S02.5Y 359 0.775 59.9 0.8782 1.309 35.50 1350 19.6 234.2
14 0 2 /2 3 /9 6  S02.SZ 377 0.643 52.1 0.5605 0.7248 34.55 1410 15.1 121.9
15 0 2 /2 3 /9 6  S04TX 50.3 0.202 82.3 0.0031 0.1070 0.7042 362 37.1 22.76
16 0 2 /2 3 /9 6  SQ4TY 68.0 0.215 74.7 0.0012 0.0959 0.6379 372 42.7 17.68
17 0 2 /2 3 /9 6  S04TY DD 66.9 0.228 75.3 0.0013 0.0967 0.6344 370 42.4 17.72
18 0 2 /2 3 /9 6  S04TZ 49.1 0.173 77.8 0.0029 0.1011 0.6760 315 36.6 19.71
19 0 2 /2 3 /9 6  SOSX 72.2 0.209 73.2 0.0296 0.1593 1.071 279 36.8 19.38
20 0 2 /2 3 /9 6  SOSY 71.6 0.265 85.6 0.0488 0.1400 1.082 381 37.5 32.67
21 0 2 /2 3 /9 6  S05Z 59.2 0.201 67.4 0.0340 0.1262 0.8961 245 32.5 20.08
22 0 2 /2 3 /9 6  S06TX 46.4 0.241 272 0.0004 0.0662 0.2714 150 85.2 4.920
23 0 2 /2 3 /9 6  S06TY 38.6 0.213 317 aooi4 0.0680 0.3093 132 80.1 6.411
24 0 2 /2 3 /9 6  S06TZ 59.9 0.161 308 -0.0001 0.0613 0.2989 143 86.8 4.565
25 0 2 /2 3 /9 6  S07X 46.0 0.182 358 0.0056 0.0583 0.3713 138 68.5 6.336
26 0 2 /2 3 /9 6  S07Y 70.8 0.209 366 0.0070 0.0735 0.4392 181 F 8 3 .4 ^ 7.144
27 0 2 /2 3 /9 6  S07Z 64.3 0.209 391 0.0108 0.0794 0.5331 180 74.2 9.257
28 0 2 /2 3 /9 6  S07Z 64.1 0.195 388 0.0103 0.0778 0.5324 179 74.0 9.191
29 0 2 /2 3 /9 6  S08X 55.2 0.114 205 0.0011 0.0511 0.3274 117 65.1 4.334
30 0 2 /2 3 /9 6  S08Y 56.5 0.111 231 0.0015 0.0527 0.3500 125 68.6 5.368
31 0 2 /2 3 /9 6  S08Z 54.3 0.118 144 0.0008 0.0595 0.3437 137 69.9 3.705
32 0 2 /2 3 /9 6  S08.5X 52.2 ^0 .134 248 0 .0 0 2 6 1 0.0675 0.3740 138 70.8 7.378
33 0 2 /2 3 /9 6  S08.5Y 52.9 0.122 207 0.0006 0.0608 0.3336 131 73.1 4.869
34 0 2 /2 3 /9 6  S08.5Z 51.8 0.123 232 0.0025 0.0629 0.3458 133 71.7 6.348
35 0 2 /2 3 /9 6  S09X 63.6 0.127 231 0.0004 0.0625 0.3307 151 79.0 6.433
36 0 2 /2 3 /9 6  S09Y 51.4 0.156 248 0.0010 0.0646 0.3687 137 69.4 8.157
37 0 2 /2 3 /9 6  S09Y DD 50.6 0.171 248 0.0013 0.0648 0.3670 135 69.1 8.182
38 0 2 /2 3 /9 6  S09Z 65.0 0.155 225 -0.0001 0.0659 0.3218 154 79.5 7.731
39 02 /2 3 /9 6  SI 1TX 59.6 0.132 350 0.0005 0.0519 0.3416 133 94.4 5.472
40 6 2 /2 3 /9 6  S11TY 42.9 0.101 204 0.0010 0.0491 0.3925 98.1 74.6 7.678
41 0 2 /2 3 /9 6  SI 1TZ 59.9 0.229 275 -0.Ô012 0.0521 0.2886 167 92.8 14.09
42 0 2 /2 3 /9 6  S12X 62.9 0.092 211 -0.0003 0.0578 0.2094 131 71.6 5.405
43 0 2 /2 3 /9 6  S12X DD 60.1 0.093 209 0.0004 0.0567 0.2052 128 69.1 5.372
44 0 2 /2 3 /9 6  S12Y 62.4 0.107 249 0.0024 0.0660 0.2801 135 71.7 7.448
45 02 /2 3 /9 6  S12Z 51.8 0.111 250 0.0018 0.0620 0.2500 129 68.2 6.931
46 0 2 /2 3 /9 6  S13TX 73.6 0.040 67.1 0.0001 0.0381 0.1355 102 39.4 8.539
47 02 /2 3 /9 6  S13TY 73.2 0.011 68.1 0.0013 0.0322 0.1479 78.9 37.7 4.676
48 0 2 /2 3 /9 6  S13TZ 89.6 0.017 61.1 0.0001 0.0332 0.1442 83.1 41.6 2.288
49 0 2 /2 3 /9 6  S14X 50.3 0.078 242 0.0018 0.0549 0.2181 106 61.8 7.067
50 0 2 /2 3 /9 6  S14X LD 49.0 0.080 245 0.0014 0.0553 0.2287 113 60.4 7.129
51 0 2 /2 3 /9 6  S14X LD 47.9 0.105 241 0.0016 0.0539 0.2228 no 59.0 7.021
52 0 2 /2 3 /9 6  S14X LD 46.9 0.091 240 0.0007 0.0548 0.2539 111 58.0 6.946
53 0 2 /2 3 /9 6  S14Y 60.5 0.076 241 -0.0004 0.0611 0.2272 124 66.4 8.592
54 0 2 /2 3 /9 6  S14YLD 60.8 0.086 243 0.0003 0.0606 0.2284 125 66.8 8.668
55 0 2 /2 3 /9 6  S14YLD 57.1 0.135 242 -0.0001 0.0600 0.2331 128 63.3 8.445
56 0 2 /2 3 /9 6  S14Y LD 59.1 0.106 242 -0.0001 0.0613 0.2248 127 65.2 8.535
57 0 2 /2 3 /9 6  S14Z 49.7 0.097 243 -0.0006 0.0566 0.2328 122 67.2 7.128
58 0 2 /2 3 /9 6  S14Z DD 42.0 0.095 250 0.0015 0.0568 0.2370 110 62.6 7.122
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K L M N 0 P Q R
1
2 Na 5899 Ni 2316 P2149 Pb2208 Sr4215 Ti 3349 Zn2138 K 1100
3 0.1 0.02 0.2 0.1 0.005 0.005 0.005 3
4
5 0.701 0.170 12 1.30 0.2924 1.526 3.487 12.70
6 0.721 0.164 12 1.31 0.3004 1.590 3.518 12.58
7 0.658 0.153 10 1.33 0.2598 1.631 3.244 I 11.38
8 0.639 0.163 10 1.45 0.2831 1.633 3.516 9.325
9 0.648 0.354 11 34.6 0.2508 1.334 111.8 1 11.68
10 0.727 0.379 12 32.9 0.2709 1.367 108.8 1 15.31
n 0.627 0.392 11 42.9 0.2420 1.275 116.3 12.31
12 0.422 0.485 10 9.77 0.2763 1.261 97.16 8.198
13 0.418 0.742 10 12.3 0.31 o r 0.9289 152.5 5.077
14 0.352 0.391 8.7 9.38 0.2754 0.6899 112.4 3.685
15 0.510 0.136 11 0.254 0.2651 1.374 0.5693 6.871
16 0.600 0.156 11 0.269 0.2645 1.513 0.5796 11.04
17 0.584 0.161 11 0.265 0.2600 1.504 0.5881 11.15
18 0.454 0.128 9.8 0.234 0.2370 1.334 0.5179 6.512
19 0.626 0.208 11 0.448 0.3784 1.356 10.82 9.691
20 0.713 0.207 17 0.524 0.4731 1.284 17.63 9.676
21 0.556 0.179 12 0.487 0.3320 Î.243 11.81 8.278
22 0.436 0.103. 6.5 0.266 0.2235 1.038 0.4360 7.255
23 0.469 0.084 6.3 0.227 0.2492 0.8383 0.3985 6.575
24 0.500 0.093 5.8 0.265 0.2359 1.126 0.4973 8.510
25 0.619 0.092 8.1 0.216 0.4054 0.9582 3.502 8.303
26 0.754 0.126 8.8 0.272 0.4431 1.140 4.128 11.40
27 0.838 0.129 9.1 0.272 0.5510 1.107 4.635 10.09
2§ 0.823 0.130 9.1 0.245 0.5506 1.101 4.606 9.928
29 0.570 0.085 8.7 0.202 0.2742 1.119 0.8525 8.556
30 0.590 0.092 8.8 0.212 0.2986 1.193 0.9961 8.890
31 0.487 0.106 7.7 0.219 0.1961 1.226 1.081 6.681
32 0.637 0.102 8.3 0.197 0.3238 1.118 0.9961 8.104
33 0.573 0.097 8.0 0.216 0.2549 1.188 0.8963 7.280
34 0.613 0.100 8.1 0.187 0.3076 1.164 0.8812 6.820
35 0.683 0.108 7.8 0.215 0.3190 1.342 0.7560 9.709
36 0.647 0.107 7.5 0.204 0.3505 1.150 0.7414 6.964
37 0.638 0.102 7.5 0.209 0.3517 1.138 0.7357 7.012
38 0.680 0.110 7.7 0.214 0.3015 1.334 0.7817 10.38
39 0.865 0.085 7.8 0.257 0.2658 1.162 0.4475 9.486
40 0.648 0.081 7.2 0.253 0.2031 0.9934 0.4259 5.502
41 0.907 0.088 7.9 0.201 0.2682 1.240 0.4269 9.125
42 0.763 0.098 7.8 0.156 0.3190 1.403 0.4945 11.71
43 0.735 0.097 7.8 0.152 0.3109 1.364 0.4829 11.59
44 0.943 0.101 8.1 0.191 0.3730 1.268 0.5335 14.31
45 0.832 0.108 8.1 0.147 0.3669 1.239 0.4807 9.980
46 0.485 0.090 11 0.175 0.1315 0.9443 0.3439 7.219
47 0.448 0.084 9.8 0.210 0.1345 0.7510 0.3260 7.164
48 0.432 0.088 8.1 0.207 0.1216 0.8152 0.3070 7.190
49 0.687 0.084 8.1 0.156 0.2923 1.205 0.4497 9.047
50 0.689 0.091 8.0 0.148 0.2963 1.207 0.4533 7.948
51 0.693 0.093 7.9 0.138 0.2902 1.179 0.4361 7.604
52 0.699 0.095 7.9 0.126 0.2872 1.166 0.5068 7.312
53 0.722 0.095 8.4 0.175 0.2845 1.340 0.4972 10.48
54 0.720 0.099 6.5 0.182 0.2863 1.351 0.5035 10.69
55 0.710 0.096 8.4 0.175 0.2771 1.297 0.5211 9.913
56 0.710 0.094 8.4 0.189 0.2813 1.323 0.4961 10.42
57 0.602 0.087 8.6 0.203 0.2918 1,147 0.5002 7.500
58 0.586 0.083 8.4 0.217 0.2951 1.054 0.4737 6.672
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